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In 1976, Zilog emerged into the 
microprocessor world with its Z80 
CPU Family. With this industry- 
standard classic of 8-bit architecture, 
Zilog established its design expertise 
and cost-efficient production 
capability. 

While the Z80 earned and main- 
tained strong customer support, 
inevitable demands for new 
applications— intelligent terminals, 
dedicated control and commu- 
nication—spawned an accompany- 
ing need for a new, lean technology. 
With an instinct for simplicity and 
elegance, Zilog architects created a 
microcomputer with the most sophis- 
ticated computing power available 
on a single chip: the Z8 Family. In a 
bold departure from the standard 
A/B accumulator tradition, afresh, 
register-oriented architecture was 
devised that challenges the "multi- 
chip solution." Z8-based designs 
minimize chip-count while offering a 
configuration that can be easily 
expanded to meet the requirements 
of enhancement options and future 
improvements. 



The Z8 Family encompasses the 
whole spectrum of system develop- 
ment, from prototyping to full pro- 
duction. For prototyping and 
preproduction, or where code flexi- 
bility is important, the Z8603 and 
Z8613 Protopack EPROM -based 
parts are the most appropriate. The 
ROM-based Z8601 and Z861 1 
microcomputers are used in high- 
volume production applications after 
the software has been perfected. 
The Z8603 is pin-compatible with 
the Z8601 , and the Z861 3 is com- 
patible with the Z861 1 . 

For ROMIess applications, two 
versions of the Z8 microcomputer 
are available: the Z8681 and Z8682 
ROMIess microcomputers. In addi- 
tion, there is a military version of the 
Z861 1 4K ROM device, a 40-pin 
ceramic package. 

The newest member of the family, 
the Z86L81/Z86L85, is a Low Power 
ROMIess microcomputer available 
in a 40-pin DIP and a 44-pin PCC. 



TheZ8671 MCU is a complete 
microcomputer pre-programmed 
with a BASIC/Debug interpreter. This 
device, operating with both external 
ROM or RAM and on-chip memory 
registers, is ideal for most industrial 
control applications, or whenever 
fast and efficient program develop- 
ment is necessary. 

Dedicated control is the key word 
for Z8 applications. Since speed is a 
prime consideration in such applica- 
tions, the entire Z8 family is available 
in both 8 and 1 2 MHz versions, 
supported by two development 
tools: the Z8 DM Development Mod- 
ule and the Z-SCAN 8. The DM 
provides elementary in-circuit emula- 
tion (ICE) capability, and the Z-SCAN 
8 module provides full ICE capability 
including trace memory. With these 
tools, the user is equipped for practi- 
cally any type of Z8 microcomputer 
development. 
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Maximum 












ROM 


Programmable 


Dedicated 


PCB 




Product 


Number 


Capacity 


I/O Pins 


I/O Pins 


Footprint 


Comments 


2KR0M 


Z8601 


2K 


32,4 Ports 


8 Power, 
Control 


40-Pin DIP 
44-Pin PCC 


Masked ROM part used primarily 
for high-volume production. 


2K Protopack 


Z8603 





32,4 Ports 


8 Power, 
Control plus 
24 EPROM 


40-Pin DIP 


Piggyback part used where program 
flexibility is required (prototyping). 


2K Protopack, 


Z8603 





32,4 Ports 


8 Power, 


40-Pin DIP 


Low-cost/low-profile chip-on-board 


Low Profile 








Control plus 
24 EPROM 


(C.O.B.) 




4KR0M 


Z8611 


4K 


32,4 Ports 


8 Power, 
Control 


40-Pin DIP 
44-Pin PCC 


Masked ROM part, used primarily 
for high-volume production. 


4K Development 


Z8612 





32,4 Ports 


8 Power, 


64-Pin DIP 


ROMIess part used primarily in 


Part 








Control plus 
24 External 
Memory 


68-Pin PCC 


development systems. 


4K Protopack 


Z8613 





32,4 Ports 


8 Power, 
Control plus 
24 EPROM 


40-Pin DIP 


Piggyback part used when program 
flexibility is required (prototyping). 


4K Protopack, 


Z8613 





32,4 Ports 


8 Power, 


40-Pin DIP 


Low-cost/low-profile chip-on-board 


Low Profile 








Control Plus 
24 EPROM 


(C.O.B.) 




BASIC/Debug 


Z8671 


2K 


24,3 Ports 


8 Power, 
Control 


40-Pin DIP 
44-Pin PCC 


High level language applications. 


ROMIess 


Z8681/ 





24,3 Ports 


8 Power, 


40-Pin DIP 


Low-cost ROMIess production part 




Z8682 






Control Plus 
8 External 
Memory 


44-Pin PCC* 


with reduced I/O. Program memory 
is external. 


ROMIess, 


Z86L81 





24,3 Ports 


8 Power, 


40-Pin DIP 


Low Power ROMIess, 50% of 


Low Power 








Control plus 
8 External 
Memory 


44-Pin PCC 


standard current draw. 


ROMIess, 


Z86L85 





24,3 Ports 


8 Power, 


40-Pin DIP 


Low Power ROMIess with Power- 


Low Power 








Control plus 
8 External 
Memory 


44-Pin PCC 


down option. 



* Available only for Z8681. 
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Features ■ Complete microcomputer, 2K bytes of ROM, 

128 bytes of RAM, 32 I/O lines, and up to 
62K bytes addressable external space each 
for program and data memory. 

■ 144-byte register file, including 124 
general-purpose registers, four I/O port 
registers, and 16 status and control 
registers. 

■ Average instruction execution time of 
1.5 us, maximum of 3 (is. 

■ Vectored, priority interrupts for I/O, 
counter/timers, and UART. 



Full-duplex UART and two programmable 
8-bit counter/timers, each with a 6-bit pro- 
grammable prescaler. 

Register Pointer so that short, fast instruc- 
tions can access any of nine working 
register groups in 1 /*s. 

On-chip oscillator that accepts crystal or ex- 
ternal clock drive. 

Single + 5 V power supply — all pins TTL- 
compatible. 



g 
S 

CO 
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Generol The Z8601 microcomputer introduces a new 

Description level of sophistication to single-chip architec- 
ture. Compared to earlier single-chip micro- 
computers, the Z8601 offers faster execution; 
more efficient use of memory; more sophisti- 
cated interrupt, input/output and bit-manipula- 
tion capabilities; and easier system expansion. 

Under program control, the Z8601 can be 
tailored to the needs of its user. It can be con- 
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figured as a stand-alone microcomputer with 
2K bytes of internal ROM, a traditional micro- 
processor that manages up to 124K bytes of 
external memory, or a parallel-processing ele- 
ment in a system with other processors and 
peripheral controllers linked by the Z-BUS. In 
all configurations, a large number of pins 
remain available for I/O. 
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Figure 1. Pin Functions 



Figure 2a. 40-pin Dual-In-Line Package (DIP), 
Pin Assignments 



2037-001,002 



Pin AS. Address Strobe (output, active Low). 

Description Address Strobe is pulsed once at the begin- 
ning of each machine cycle. Addresses output 
via Port 1 for all external program or data 
memory transfers are valid at the trailing edge 
of AS. Under program control, AS can be 
placed in the high-impedance state along with 
Ports and 1, Data Strobe and Read/Write. 

DS. Data Strobe (output, active Low). Data 
Strobe is activated once for each external 
memory transfer. 

PO0-PO7, PI0-PI7, P2 -P2 7 , P3 -P3 7 . I/O Port 
Lines (input/outputs, TTL-compatible). These 
32 lines are divided into four 8-bit I/O ports 
that can be configured under program control 



for I/O or external memory interface. 



RESET. Beset (input, act ive Low ). RESET ini- 
tializes the Z8601. When RESET is deactivated, 
program execution begins from internal pro- 
gram location OOOCh- 

R/W. Bead/Write (output). R/W is Low when 
the Z8601 is writing to external program or 
data memory. 

XTAL1, XTAL2. Crystal 1, Crystal 2 (time- base 
input and output). These pins connect a 
parallel-resonant crystal (8 or 12 MHz max- 
imum) or an external single-phase clock (8 or 
12 MHz maximum) to the on-chip clock 
oscillator and buffer. 
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Figure 2b. 44-pin Chip Carrier, Pin Assignments 



Architecture Z8601 architecture is characterized by a 

flexible I/O scheme, an efficient register and 
address space structure and a number of 
ancillary features that are helpful in many 
applications. 

Microcomputer applications demand power- 
ful I/O capabilities. The Z8601 fulfills this with 
32 pins dedicated to input and output. These 
lines are grouped into four ports of eight lines 
each and are configurable under software con- 
trol to provide timing, status signals, serial or 
parallel I/O with or without handshake, and an 
address/data bus for interfacing external 
memory. 

Because the multiplexed address/data bus is 
merged with the I/O- oriented ports, the Z8601 
can assume many different memory and I/O 
configurations. These configurations range 
from a self-contained microcomputer to a 



microprocessor that can address 124K bytes of 
external memory. 

Three basic address spaces are available to 
support this wide range of configurations: pro- 
gram memory (internal and external), data 
memory (external) and the register file (inter- 
nal). The 144-byte random-access register file 
is composed of 124 general-purpose registers, 
four I/O port registers, and 16 control and 
status registers. 

To unburden the program from coping with 
real-time problems such as serial data com- 
munication and counting/timing, an asynchro- 
nous receiver/transmitter (UART) and two 
counter/timers with a large number of user- 
selectable modes are offered on-chip. Hard- 
ware support for the UART is minimized 
because one of the on-chip timers supplies the 
bit rate. 
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Figure 3. Functional Block Diagram 



Address Program Memory. The 16-bit program 

Spaces counter addresses 64K bytes of program 

memory space. Program memory can be 
located in two areas: one internal and the 
other external (Figure 4). The first 2048 bytes 
consist of on-chip mask- programmed ROM. At 
addresses 2048 and greater, the Z8601 
executes external program memory fetches. 
The first 12 bytes of program memory are 
reserved for the interrupt vectors. These loca- 
tions contain six 16-bit vectors that correspond 
to the six available interrupts. 

Data Memory. The Z8601 can address 62K 
bytes of external data memory beginning at 



location 2048 (Figure 5). External data 
memory may be included with or separated 
from the external program memory space. 
DM, an optional I/O function that can be 
programmed to appear on pin P34, is used to 
distinguish between data and program 
memory space. 

Register File. The 144-byte register file 
includes four I/O port registers (R0-R3), 124 
general-purpose registers (R4-R127) and 16 
control and status registers (R240-R255). These 
registers are assigned the address locations 
shown in Figure 6. 

Z8601 instructions can access registers 
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Figure 4. Program Memory Map 



Figure 5. Data Memory Map 
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The upper nibble of the register file address 
— provided by the register pointer specifies 
the active working register group 



The lower 
nibble of 
the register 
file address 
-provided by 
the instruction 
points to the 
specified 



Figure 6. Register File 



Figure 7. Register Pointer 



2037-004, 005, 006, 007 



Address directly or indirectly with an 8-bit address 

Spaces field. The Z8601 also allows short 4-bit register 

(Continued) addressing using the Register Pointer (one of 
the control registers). In the 4-bit mode, the 
register file is divided into nine working- 
register groups, each occupying 16 contiguous 
locations (Figure 7). The Register Pointer 
addresses the starting location of the active 
working- register group. 



Stacks. Either the internal register file or the 
external data memory can be used for the 
stack. A 16-bit Stack Pointer (R254 and R255) 
is used for the external stack, which can reside 
anywhere in data memory between locations 
2048 and 65535. An 8-bit Stack Pointer (R255) 
is used for the internal stack that resides within 
the 124 general-purpose registers (R4-R127). 



Serial 
Input/ 
Output 



Port 3 lines P3q and P37 can be programmed 
as serial I/O lines for full-duplex serial asyn- 
chronous receiver/transmitter operation. The 
bit rate is controlled by Counter/Timer 0, with 
a maximum rate of 62. 5K bits/second for 8 
MHz and 94. 8K bits/second for 12 MHz. 

The Z8601 automatically adds a start bit and 
two stop bits to transmitted data (Figure 8). 
Odd parity is also available as an option. Eight 
data bits are always transmitted, regardless of 

Transmitted Data 

(No Parity) 
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-EIGHT DATA BITS 
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-SEVEN DATA BITS 
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-TWO STOP BITS 



parity selection. If parity is enabled, the eighth 
bit is the odd parity bit. An interrupt request 
(IRQ4) is generated on all transmitted 
characters. 

Received data must have a start bit, eight 
data bits and at least one stop bit. If parity is 
on, bit 7 of the received data is replaced by a 
parity error flag. Received characters generate 
the IRQ3 interrupt request. 



Received Data 
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Figure 8. Serial Data Formats 



Counter/ The Z8601 contains two 8-bit programmable 

Timers counter/timers (To and Ti), each driven by its 

own 6-bit programmable prescaler. The Ti 
prescaler can be driven by internal or external 
clock sources; however, the To prescaler is 
driven by the internal clock only. 

The 6-bit prescalers can divide the input fre- 
quency of the clock source by any number 
from 1 to 64. Each prescaler drives its counter, 
which decrements the value (1 to 256) that has 
been loaded into the counter. When the 
counter reaches the end of count, a timer 
interrupt request — IRQ4 (To) or IRQ5 (Ti) — is 
generated. 

The counters can be started, stopped, 
restarted to continue, or restarted from the 
initial value. The counters can also be pro- 
grammed to stop upon reaching zero (single- 
pass mode) or to automatically reload the 



initial value and continue counting (modulo-n 
continuous mode). The counters, but not the 
prescalers, can be read any time without 
disturbing their value or count mode. 

The clock source for Ti is user-definable and 
can be the internal microprocessor clock 
(4 MHz maximum for the 8 MHz device and 6 
MHz maximum for the 12 MHz device.) divid- 
ed by four, or an external signal input via Port 
3. The Timer Mode register configures the ex- 
ternal timer input as an external clock ( 1 MHz 
maximum), a trigger input that can be retrig- 
gerable or non-retriggerable, or as a gate in- 
put for the internal clock. The counter/timers 
can be programmably cascaded by connecting 
the To output to the input of Ti. Port 3 line P36 
also serves as a timer output (Tout) through 
which To, Ti or the internal clock can be out- 
put. 



I/O Ports The Z8601 has 32 lines dedicated to input 

and output. These lines are grouped into four 
ports of eight lines each and are configurable 
as input, output or address/data. Under soft- 
ware control, the ports can be programmed to 



provide address outputs, timing, status signals, 
serial I/O, and parallel I/O with or without 
handshake. All ports have active pull-ups and 
pull- downs compatible with TTL loads. 



Port 1 can be programmed as a byte I/O 
port or as an address/data port for interfacing 
external memory. When used as an I/O port, 
Port 1 may be placed under handshake con- 
trol. In this configuration, Port 3 lines P33 and 
P34 are u sed as the handshake controls RDYj 
and DAVi (Ready and Data Available). 

Memory locations greater than 2048 are 
referenced through Port 1 . To interface exter- 
nal memory, Port 1 must be programmed 
for the multiplexed Address/Data mode. If 
more than 256 external locations are required, 
Port must output the additional lines. 

Port 1 can be placed in the high- impedance 
state along with Port 0, AS, DS and R/W, allow- 



ing the Z8601 to share common resources in 
multiprocessor and DMA applications. Data 
transfers can be controlled by assigning P33 
as a Bus Acknowledge input and P34 as a Bus 
Request output. 



(SHAKE CONTROLS 
iV£ AND RDY 2 
' (P3, AND P3e) 



Figure 9a. Port 1 



Port can be programmed as a nibble I/O 
port, or as an address port for interfacing 
external memory. When used as an I/O port, 
Port may be placed under handshake con- 
trol. In this configuration, Port 3 lines P 32 an d 
P35 are used as the handshake controls DAVo 
and RDYq. Handshake signal assignment is 
dictated by the I/O direction of the upper 
nibble PO4-PO7. 

For external memory references, Port can 
provide address bits As- An (lower nibble) or 
A8-A15 (lower and upper nibble) depending 
on the required address space. If the address 
range requires 12 bits or less, the upper nibble 
of Port can be programmed independently as 



I/O while the lower nibble is used for address- 
ing. When Port nibbles are defined as 
address bits, they can be set to the high- 
impedance state along with_Port 1 and the con- 
trol signals AS, DS and R/W. 



T^-y I PORTO 

A k (I/O OR A,-A 1S ) 

^ I HANDSHAKE CONTROLS 
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Figure 9b. Port 



Port 2 bits can be programmed inde- 
pendently as input or output. The port is 
always available for I/O operations. In addi- 
tion, Port 2 can be configured to provide 
open- drain outputs. 

Like Ports and 1 , Port 2 may also be 
placed under handshake control. In this con- 
figuration, Port 3 lines P3j a nd P3 6 are used as 
the handshake controls lines DAV2 and RDY2. 
The handshake signal assignment for Port 3 
lines P3i and P36 is dictated by the direction 
(input or output) assigned to bit 7 of Port 2. 



^ 



v HANDSHAKE CONTROLS 
} DAVi AND RDYi 
' (P3s AND P3«) 



Figure 9c. Port 2 



Port 3 lines can be configured as I/O or con- 
trol lines. In either case, the direction of the 
eight lines is fixed as four input (P3o~P33) and 
four output (P3 4 -P3 7 ). For serial I/O, lines P3 
and P37 are programmed as serial in and serial 
out respectively. 

Port 3 can also provide the following control 
f uncti ons: handshake for Ports 0, 1 and 2 
(DAVand RDY); four external interrupt 
request signals (IRQ0-IRQ3); timer input and 
output signals (Tj^and Tout) and Data 
Memory Select (DM). 
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Figure 9d. Port 3 
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Interrupts The Z8601 allows six different interrupts from 

eight sources: the four Port 3 lines P3o-P33, 
Serial In, Serial Out, and the two counter/ 
timers. These interrupts are both maskable and 
prioritized. The Interrupt Mask register glob- 
ally or individually enables or disables the six 
interrupt requests. When more than one inter- 
rupt is pending, priorities are resolved by a 
programmable priority encoder that is con- 
trolled by the Interrupt Priority register. 

All Z8601 interrupts are vectored. When an 
interrupt request is granted, an interrupt 
machine cycle is entered. This disables all 



subsequent interrupts, saves the Program 
Counter and status flags, and branches to the 
program memory vector location reserved for 
that interrupt. This memory location and the 
next byte contain the 16-bit address of the 
interrupt service routine for that particular 
interrupt request. 

Polled interrupt systems are also supported. 
To accommodate a polled structure, any or all 
of the interrupt inputs can be masked and the 
Interrupt Request register polled to determine 
which of the interrupt requests needs service. 



Clock The on-chip oscillator has a high-gain, 

parallel- resonant amplifier for connection to a 
crystal or to any suitable external clock source 
(XTAL1 = Input, XTAL2 = Output). 

The crystal source is connected across 
XTAL1 and XTAL2, using the recommended 
capacitors (Ci < 15 pF) from each pin to 



ground. The specifications for the crystal are 
as follows: 

■ AT cut, parallel resonant 

■ Fundamental type, 8/12 MHz maximum 

■ Series resistance, R s < 100 12 



Q 
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Z8603 The Z8603 MPE (Protopack) is used for 

Protopack prototype development and preproduction of 

Emulator mask-programmed applications. The Protopack 

is a ROMless version of the standard Z8601, 
housed in a pin-compatible 40-pin package 
(Figure 11). 

To provide pin compatibility and inter- 
changeability with the standard mask- 
programmed device, the Protopack carries 
(piggy-backs) a 24-pin socket for a direct 
interface to program memory (Figure 1). The 
24-pin socket is equipped with 1 1 ROM 
address lines, 8 ROM data lines and necessary 




Figure 11. The Z8603 Microcomputer Protopack Emulator 



control lines for interface to 2716 EPROM for 
the first 2K bytes of program memory. 

Pin compatibility allows the user to design 
the pc board for a final 40-pin mask- 
programmed Z8601, and, at the same time, 
allows the use of the Protopack to build the 
prototype and pilot production units. When the 
final program is established, the user can then 
switch over to the 40-pin mask-programmed 
Z8601 for large volume production. The Proto- 
pack is also useful in small volume applica- 
tions where masked ROM setup time, mask 
charges, etc., are prohibitive and program 
flexibility is desired. 

Compared to the conventional EPROM 
versions of the single-chip microcomputers, 
the Protopack approach offers two main 
advantages: 

■ Ease of developing various programs during 
the prototyping stage. For instance, in 
applications where the same hardware 
configuration is used with more than one 
program, the Z8603 Protopack allows 
economical program storage in separate 
EPROMs (or PROMs), whereas the use of 
separate EPROM-based single-chip 
microcomputers is more costly. 

■ Elimination of long lead time in procuring 
EPROM-based microcomputers. 



Instruction Addressing Modes. The following notation is used 
Set to describe the addressing modes and instruction 

Notation operations as shown in the instruction summary. 

Indirect register pair or indirect working- register 

pair address 

Indirect working -register pair only 

Indexed address 

Direct address 

Relative address 

Immediate 

Register or working-register address 

Working-register address only 

Indirect-register or indirect working- register 



IRR 

Irr 
X 

DA 

RA 

IM 

R 

r 

IR 



Ir Indirect working- register address only 

RR Register pair or working register pair address 

Symbols. The following symbols are used in 

describing the instruction set. 

dst Destination location or contents 

src Source location or contents 

cc Condition code (see list) 

@ Indirect address prefix 

SP Stack pointer (control registers 254-255) 

PC Program counter 

FLAGS Flag register (control register 252) 

RP Register pointer (control register 253) 

IMR Interrupt mask register (control register 251) 



Assignment of a value is indicated by the symbol 
u *-". For example, 

dst — dst + src 
indicates that the source data is added to the 
destination data and the result is stored in the 
destination location. The notation u addr(n)" is used 
to refer to bit "n" of a given location. For example, 

dst (7) 
refers to bit 7 of the destination operand. 

Flags. Control Register R252 contains the following 
six flags: 



C 
Z 

s 

V 
D 
H 



Carry flag 
Zero flag 
Sign flag 
Overflow flag 
Decimal-adjust flag 
Half- carry flag 



Affected flags are indicated by: 

Cleared to zero 

1 Set to one 

* Set or cleared according to operation 

— Unaffected 

X Undefined 
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Condition 
Codes 



Value 



Mnemonic 



Meaning 



Flags Set 



1000 
0111 

1111 
0110 

1110 
1101 
0101 
0100 
1100 
0110 
1110 
1001 
0001 
1010 
0010 

mi 

0111 

ion 

0011 
0000 



Always true 

C Carry 

NC No carry 

Z Zero 

NZ Not zero 

PL Plus 

MI Minus 

OV Overflow 

NOV No overflow 

EQ Equal 

NE Not equal 

GE Greater than or equal 

LT Less than 

GT Greater than 

LE Less than or equal 

UGE Unsigned greater than or equal 

ULT Unsigned less than 

UGT Unsigned greater than 

ULE Unsigned less than or equal 
Never true 



C = 1 
C = 
Z = 1 
Z = 
S = 
S = 1 

V = 1 

V = 
Z = 1 
Z = 

(S XOR V) = 

(S XOR V) = 1 

[Z OR (S XOR V)] = 

[Z OR (S XOR V)] = 1 

C = 

C = 1 

(C = AND Z = 0) = 1 

(C OR Z) = 1 



Instruction 
Formats 



I OPC I 


CCF, Dl, El, IRET, NOP, 




RCF, RET, SCF 


| dst | OPC | 


INCr 



One-Byte Instructions 



OPC I MODE 



dsi/8rc | OPC* 



dst/CC I OPC 



CLR, CPL, DA, DEC, 



OR h 1 1 1 dst/src I DECW - INC ' INCW - p ° p > 
OR | 1 1 1 | dst/src | pusHj RLi RLC( RR 

RRC, SRA, SWAP 

________ JP. CALL (Indirect) 

OR 11 1 1 0| dst | 



OPC | I 



OPC 


MODE 


dst 


src 



MODE 


OPC 


dst/src 


src/dst 



OPC J MODE 



ADC, ADD, AND, 
CP, OR, SBC, SUB, 
TCM, TM, XOR 



MODE | 



OR |1 1 1 0| src | 



OR 


1110 


src 


OR 


1110 


dst 



OR 1111°! «« | T g' M TM S 



ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 



ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 



OR 


1110 


src 


OR 


1110 


dst 



MODE 


OPC 


dst/src 


X 


ADDRESS 



Two-Byte Instructions 



Three-Byte Instructions 



Figure 12. Instruction Formats 
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Instruction 
Summary 



Instruction Addr Mode Opcode Flags Affected 

and Operation j . Byte 

P ^t src (H©x) C Z S V D H 



Instruction 



Addr Mode 



ADC dst, src 
dst — dst + src + 


C 


(Note 1) 


ID 


* * * * * 


ADD dst, src 

dst — dst + src 




(Note 1) 


on 


* * * * * 


AND dst, src 

dst — dst AND src 


(Note 1) 


5D 


_ * * - - 


CALL dst 

SP - SP - 2 

@SP -, PC; PC - 


DA 
IRR 
■dst 


D6 
D4 




CCF 

C - NOT C 






EF 


*_____ 


CLR dst 

dst - 




R 
IR 


BO 
Bl 




COM dst 

dst - NOT dst 




R 

IR 


60 
61 


_ * * - - 


CP dst, src 
dst - src 




(Note 1) 


AD 


****__ 


DA dst 

dst - DA dst 




R 
IR 


40 
41 


* * * x 


DEC dst 

dst - dst - 1 




R 
IR 


00 
01 


— * * * 


DECW dst 

dst - dst - 1 




RR 
IR 


80 
81 


— * * * 


DI 

IMR (7) - 






8F 





DJNZ r,dst 
r - r- 1 
if r * 

PC - PC + dst 
Range: +127, -128 



RA 



rA 
r = 0-F 



EI 

IMR (7) - 1 






9F 


INC dst 

dst - dst + 1 


r 

R 
IR 




■ r E _ * * * 

r = 0-F 

20 

21 


INCW dst 

dst - dst + 1 


RR 
IR 




A0 -***_- 
Al 


IRET 

FLAGS ~@SP; SP - SP 
PC-@SP; SP-SP + 2; 


+ 1 
IMR (7) 


BF ****** 

- 1 


IP cc,dst 
if cc is true 
PC - dst 


DA 
IRR 




C D 

c = 0-F 
30 


JR cc,dst 
if cc is true, 

PC - PC + dst 
Range: +127,-128 


RA 




cB 

c = 0-F 



LD dst, src 
dst ~ src 



Ir 
R 
R 
R 
IR 
IR 



Im 
R 



R 
IR 
Im 
Im 
R 



rC 
r8 
r9 
r = 0-F 
C7 
D7 
E3 
F3 
E4 
E5 
E6 
E7 
F5 



LDC dst,src 
dst — src 



Irr 



Irr 



C2 
D2 



LDCI dst, src Ir Irr C3 

dst — src Irr Ir D3 

r «- r + 1 ; rr — rr + 1 



and Operation . . 



Opcode Flags Affected 

Byte 

(Hex) C Z S V D H 



LDE dst, src r 
dst — src Irr 


Irr 
r 


82 
92 








LDEI dst, src Ir 
dst — src Irr 
r — r + 1 ; rr — rr + 1 


Irr 
Ir 


83 
93 








NOP 




FF 








OR dst,src (Note 1) 
dst - dst OR src 


4D 


- 


* 


* - - 


POP dst R 

dst - @ SP IR 
SP - SP + 1 




50 

51 








PUSH src 

SP-SP-1; @SP-src 


R 
IR 


70 
71 








RCF 

C- 




CF 









RET 

PC - @ SP; SP - SP + 2 




AF 












90 
91 


* 


* 




RLdst Eji^-gjR 








10 
11 


* 


* 




"*- ** l^^J * 




—_ „ 




E0 
El 


* 


* 




™<" LqjLe^" 








CO 
CI 


* 


* 




«RC dst l^^ R 




SBC dst, src (Note 1) 
dst — dst - src - C 


3D 


* 


* 


* * \ * 


SCF 

C- 1 




DF 


1 














DO 
Dl 


* 


* 




SKA dst UHjg^JH 


* o - - 


SRP src 

RP - src 


Im 


31 








SUB dst, src (Note 1) 
dst — dst - src 


2D 


* 


* 


* * 1 * 


SWAP dst | r~ ' 1 R 

' i ' i ' IR 




F0 

Fl 


X 


* 


* x - - 


TCM dst, src (Note 1) 
(NOT dst) AND src 


6n 


- 


* 


* - - 


TM dst, src (Note 1) 
dst AND src 


7D 


- 


* 


* - - 


XOR dst,src (Note 
dst - dst XOR src 


•1) 


BD 


- 


* 


* - - 



Notel 

These instructions have an identical set of addressing 
modes, which are encoded for brevity The first opcode 
nibble is found in the instruction set table above The 
second nibble is expressed symbolically by a □ in this 
table, and its value is found in the following table to the 
left of the applicable addressing mode pair 

For example, to determine the opcode of an ADC 
instruction use the addressing modes r (destination) and 
Ir (source) The result is 13. 



Addr Mode 



dst 


src 


r 


r 


r 


Ir 


R 


R 


R 


IR 


R 


IM 


IR 


IM 



Lower 
Opcode Nibble 



m 
m 
a 
m 
m 
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Registers 



R240 SIO 
Serial I/O Register 

(F0 H ; Read/Write) 



R244 TO 
Counter/Timer Register 

(F4 H ; Read/Write) 



| D 7 | D 6 | D 6 | D 4 | D 3 1 D 2 1 D n | D | 



- SERIAL DATA (D = LSB) 



| D y 1 D 6 | O a | 



33 



T INITIAL VALUE (WHEN WRITTEN) 

-(RANGE: 1-256 DECIMAL 01-00 HEX) 

T CURRENT VALUE (WHEN READ) 



R241 TMR 
Timer Mode Register 

(F1 H ; Read/Write) 



R245 PREO 
Prescaler Register 

(F5 H ; Write Only) 



Tout MODES 

NOT USED ■ 00 

T OUT - 01 

T, OUT ■ 10 

INTERNAL CLOCK OUT ■ 11 

T IN MODES 

EXTERNAL CLOCK INPUT - 00 

GATE INPUT = 01 

TRIGGER INPUT ■ 10 

(NON-RETRIGGERABLE) 

TRIGGER INPUT = 11 
(RETRIGGERABLE) 



|o, 


d«|d s 


0410310210,1001 








L 



I D y I P 6 [ D s 



= NO FUNCTION 
~ 1 = LOAD T 

= DISABLE T COUNT 
= ENABLE T COUNT 



D« 0, Oj D, D ( 



3 



COUNT MODE 
- = T SINGLE-PASS 
1 = T MODULON 



PRESCALER MODULO 
-(RANGE: 1-64 DECIMAL 
01-00 HEX) 



8 

S 

cS 

§ 



R242 Tl 
Counter Timer 1 Register 

(F2 H ; Read/Write) 



R246 P2M 
Port 2 Mode Register 

(F6 H ; Write Only) 



D, D, D, D 4 D, D, D, Do 



T, CURRENT VALUE (WHEN READ) 



10710810510410310210,1001 



1 DEFINES BIT AS INPUT 



R243 PRE1 
Prescaler 1 Register 

(F3 H ; Write Only) 



R247 P3M 
Port 3 Mode Register 

(F7 H ; Write Only) 



| p 7 1 p 6 1 D s 



D 4 | D 3 | D 2 J D, | o7| 



L 



COUNT MODE 

= T, SINGLE-PASS 

1 = T, MODULON 

CLOCK SOURCE 
_ 1 = T, INTERNAL 

= T, EXTERNAL TIMING INPUT 
(T| N ) MODE 

PRESCALER MODULO 
-(RANGE 1-64 DECIMAL 
01-00 HEX) 



[EH 



D5JD4 



P 3 l D2 l O1 



13 

u 



P33 = INPUT P34 = OUTPUT 

~1 }P33 = INPUT P34 = DD1 

11 P33 = BSV1/RDY1 P34 = RDY1/DAV 



Figure 13. Control Registers 
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Registers 

(Continued) 



R248 P01M 
Port and 1 Mode Register 

(F8 H ; Write Only) 



R252 FLAGS 
Flag Register 

(FC H ; Read/Write) 



P0«-P07 MODE 
OUTPUT * 00 
INPUT = 01 
A 12 -A 15 = 1X 

EXTERNAL MEMORY TIMING 
NORMAL = 
EXTENDED = 



|d 7 |d 6 |d 5 |d 4 

T" 


0310210,1001 

"T 



POo-POj MODE 

00 = OUTPUT 

01 = INPUT 
1X = Aj-A,, 

STACK SELECTION 
= EXTERNAL 
= INTERNAL 



01 = BYTE INPUT 

10 « AD -AD 7 

11 = HIGHJMPEDANCE AD0-AD7, 

AS, DS, R/W, A8-A11, A 12 -Ai 5 
IF SELECTED 



7 | D 6 { D s | P 4 I D 3 | P 2 | D, I D | 

L, 



Li 



USER FLAG F1 

USER FLAG F2 
-HALF CARRY FLAG 
-DECIMAL ADJUST FLAG 
-OVERFLOW FLAG 



R249 IPR 
Interrupt Priority Register 

(F9 H ; Write Only) 



R253 RP 
Register Pointer 

(FD H ; Read/Write) 



D 7 | D 6 | D 5 [ D 4 | D 3 | D 2 | D, | D | 



IRQ3, IRQS PRIORITY (GROUP A) 

= IRQ5 > IRQ3 ~ 

1 = IRQ3 > IRQ5 

IRQ0, IRQ2 PRIORITY (GROUP B) 

= IRQ2 > IRQ0 - 

1 = IRQ0 > IRQ2 



IRQ1, IRQ4 PRIORITY (GROUP C) 

= IRQ1 > IRQ4 - 

1 = IRQ4 > IR01 



INTERRUPT GROUP PRIORITY 
RESERVED = 000 
C > A > B = 001 
- A > B > C = 010 
A > C > B = 011 
B > C > A = 100 



i > A = 



101 

= 110 



| D T j P, I P 5 I D 4 | D, I P a | D 1 I D„ | 

IIL 



R250 IRQ 
Interrupt Request Register 

(FA H ; Read/Write) 



R254 SPH 
Stack Pointer 

(FE H ; Read/Write) 



I D 7 I D 6 J D 5 J D« J D 3 J D 2 J D, J D " 

„zi czz 



10,10010510410310210,1001 



IRQO = P3 2 INPUT (Do = IRQO) 

IRQ1 = P3 3 INPUT 

IRQ2 = P3i INPUT 

IRQ3 = P3o INPUT, SERIAL INPUT 

IRQ4 = To, SERIAL OUTPUT 

IRQ5 = T1 



_ STACK POINTER UPPER 



R251 IMR 
Interrupt Mask Register 

(FB H ; Read/Write) 



R255 SPL 
Stack Pointer 

(FF H ; Read/Write) 



| p 7 1 p 6 1 p s | p 4 1 p 3 1 p 2 1 p, I p 1 



D r D, D. D 4 D, 



T 



|0«|Pi|Oo| 



. STACK POINTER LOWER 
BYTE (SP -SP 7 ) 



- 1 ENABLES INTERRUPTS 



Figure 13. Control Registers (Continued) 
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Z8601 
Opcode 
Map o 



o 

3 7 

a 

1 • 



A 

B 
C 



Lower Nibble (Hex) 
6 7 8 



6,5 

DEC 

Ri 


6,5 
DEC 

IRi 


6,5 
ADD 

ri,r2 


6,5 

ADD 

ri,Ir2 


10,5 

ADD 

R2,Ri 


10,5 

ADD 

IR2,Ri 


10,5 

ADD 

Ri,IM 


10,5 

ADD 

IRi,IM 


6,5 
LD 

ri,R2 


6,5 

LD 

r2,Rl 


12/10,5 
DJNZ 
n,RA 


12/10,0 

IR 

cc,RA 


6,5 
LD 

n,IM 


12/10,0 

IP 
cc,DA 


6,5 
INC 
ri 




6,5 

RLC 

Ri 


6,5 

RLC 

IRi 


6,5 

ADC 

ri,r2 


6,5 

ADC 

ri,Ir2 


10,5 

ADC 

R2,Ri 


10,5 

ADC 

IR2,Ri 


10,5 

ADC 

Ri.IM 


10,5 

ADC 

IRi.IM 


1 


1 


1 


r 


1 


1 


1 


r 


\ 


1 


\ 


1 


1 


' 




6,5 

INC 

Ri 


6,5 
INC 

IRi 


6,5 

SUB 

ri, ra 


6,5 

SUB 

ri,Ir2 


10,5 
SUB 
R 2 ,Ri 


10,5 

SUB 

IR 2 ,Ri 


10,5 

SUB 

Ri,IM 


10,5 

SUB 

IRi,IM 




8,0 

JP 

IRRi 


6,1 
SRP 

IM 


6,5 

SBC 

ri, 12 


6,5 

SBC 

ri,Ir2 


10,5 

SBC 

R2,Ri 


10,5 

SBC 

IR2,Ri 


10,5 

SBC 

Ri,IM 


10,5 

SBC 

IRi,IM 




8,5 
DA 
Ri 


8,5 
DA 
IRi 


6,5 
OR 

ri, r2 


6,5 
OR 

ri,Ir2 


10,5 

OR 

R2,Ri 


10,5 

OR 

IR2,Ri 


10,5 

OR 

Ri,IM 


10,5 

OR 

IRi,IM 




10,5 
POP 
Ri 


10,5 
POP 
IRi 


6,5 
AND 

ri,r2 


6,5 
AND 

ri,Ir2 


10,5 
AND 
R 2 ,Ri 


10,5 
AND 
IR2,Ri 


10,5 
AND 
Ri.IM 


10,5 
AND 
IRi,IM 




6,5 

COM 

Ri 


6,5 

COM 

IRi 


6,5 
TCM 

ri,r2 


6,5 
TCM 

ri,Ir2 


10,5 
TCM 
R2,Ri 


10,5 
TCM 
IR2,Ri 


10,5 
TCM 
Ri,IM 


10,5 
TCM 
IRi,IM 




10/12, 1 

PUSH 

R 2 


12/14, 1 

PUSH 

IR 2 


6,5 
TM 
ri, X2 


6,5 
TM 

ri,Ir2 


10,5 

TM 

R2,Ri 


10,5 

TM 

IR2,Ri 


10,5 

TM 

Ri,IM 


10,5 

TM 

IRi,IM 




10,5 

DECW 

RRi 


10,5 

DECW 

IRi 


12,0 
LDE 

ri,Irr2 


18,0 
LDEI 

In, Irr2 










6,1 
DI 


6,5 
RL 
Ri 


6,5 
RL 
IRi 


12,0 
LDE 

r2,Irri 


18,0 

LDEI 

Ir2,Irri 










6,1 
EI 


10,5 

INCW 

RRi 


10,5 

INCW 

IRi 


6,5 

CP 

11,12 


6,5 

CP 

ri,Ir2 


10,5 

CP 

R2,Ri 


10,5 

CP 

IR2,Ri 


10,5 
CP 

Ri,IM 


10,5 
CP 

IRi.IM 


14,0 
RET 


6,5 
CLR 
Ri 


6,5 
CLR 
IRi 


6,5 
XOR 

ri,r2 


6,5 
XOR 

ri,Ir2 


10,5 
XOR 
R2,Ri 


10,5 
XOR 
IR2,Ri 


10,5 
XOR 
Ri,IM 


10,5 
XOR 

IRi,IM 


16,0 
IRET 


6,5 
RRC 
Ri 


6,5 
RRC 
IRi 


12,0 
LDC 

ri, Irra 


18,0 
LDCI 
Iri,Irr2 








10,5 

LD 

ri, x, R2 


6,5 
RCF 


6,5 
SRA 
Ri 


6,5 
SRA 
IRi 


12,0 
LDC 
r2,Irri 


18,0 
LDCI 

,Irn 


20,0 

CALL* 

IRRi 




20,0 

CALL 

DA 


10,5 

LD 

12, x, Ri 


6,5 
SCF 


6,5 
RR 
Ri 


6,5 
RR 
IRi 




6,5 
LD 

ri, Ir2 


10,5 

LD 

R2,Ri 


10,5 

LD 

IR2,Ri 


10,5 

LD 

Ri,IM 


10,5 

LD 

IRi,IM 


6,5 
CCF 


8,5 
SWAP 

Ri 


8,5 
SWAP 

IRi 




6,5 
LD 

Iri,r2 




10,5 

LD 

R2,IRi 






6,0 
NOP 



^ v^ 



_> ^ 



Bytes per 
Instruction 



Lower 
Opcode 
Nibble 



Upper 

Opcode - 

Nibble 



Execution f Pipeline 

Cycles w 4 Cycles 



10,5 
CP 

R2,Ri 



First' 
Operand 



\ 



- Mnemonic 



Second 
Operand 



Legend: 

R = 8-Bit Address 
r = 4-Bit Address 
Ri or n = Dst Address 
R2 or r2 = Src Address 

Sequence: 

Opcode, First Operand, Second Operand 

Note: The blank areas are not defined. 



*2-byte instruction; fetch cycle appears as a 3-byte instruction 
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Absolute Voltages on all pins 

Maximum with respect to GND -0.3 V to +7.0 V 

Ratings Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°Cto +150°C 



Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



Standard The DC characteristics listed below apply for 

Test the following standard test conditions, unless 

Conditions otherwise noted. All voltages are referenced to 

GND. Positive current flows into the reference 

pin. 

Standard conditions are: 



The Ordering Information section lists temper- 
ature ranges and product numbers. Package 
drawings are in the Package Information section 
in this book. Refer to the Literature List for addi- 
tional documentation. 



□ +4.75 V < V cc < +5.25 V 

□ GND = V 

D 0°C < T A < +70°C 



+5V +5V 





+5V 74LS04 I 74LS04 

CLOCK . 



:L r— >- 



H>- 



T 



X 

I 



Figure 14. Test Load 1 



Figure 15. Test Load 2 



Figure 16. TTL External Clock Interface Circuit 

(Both the clock and its complement are required) 



DC 

Character- 
istics 



Symbol Parameter 


Min 


Max 


Unit 


Condition 


V C H 


Clock Input High Voltage 


3.8 


Vcc 


V 


Driven by External Clock Generator 


V C L 


Clock Input Low Voltage 


-0.3 


0.8 


V 


Driven by External Clock Generator 


Vffl 


Input High Voltage 


2.0 


Vcc 


V 




VlL 


Input Low Voltage 


-0.3 


0.8 


V 




Vrh 


Reset Input High Voltage 


3.8 


Vcc 


V 




Vrl 


Reset Input Low Voltage 


-0.3 


0.8 


V 




VOH 


Output High Voltage 


2.4 




V 


Ioh = -250 (iA 


Vol 


Output Low Voltage 




0.4 


V 


Iol = + 2.0 mA 


Iil 


Input Leakage 


-10 


10 


jiA 


0V< V IN < +5.25 V 


lOL 


Output Leakage 


-10 


10 


fiA 


V< Vin < +5.25 V 


IlR 


Reset Input Current 




-50 


1* 


V CC = + 5.25V, V RL = 0V 


!cc 


Vqc Supply Current 




180 


mA 
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8085-0313, 0312 



External I/O 
or Memory 
Read and 
Write Timing 



DC 



♦CD-** 



PORT 0, 
DM 



X 



X 



K 



-KD- 



~W 



*«-®-** 



DS 

(READ) 



d3 

(WRITE) 



-®- 



V0-A7 \ 



5F 



I D0-D7 If 



-«G> 



-<§>- 



H 



-0- 



-®- 



/ 



X 



X 



H: 



-CD- 



:cz 



> <: 






♦GD^ 



y 



Figure 17. External I/O or Memory Read/Write 



No. Symbol 



Parameter 



Z8601/3-8 
Min Max 



Z8601/3-12 
Min Max 



Notes*t° 



6* 

I 



TdA(AS) 
TdAS(A) 
TdAS(DR) 
TwAS 
TdAz(DS) 
- TwDSR 



1 
2 
3 
4 
5 
6- 

7 TwDSW 

8 TdDSR(DR) 

9 ThDR(DS) 

10 TdDS(A) 

11 TdDS(AS) 

12 — TdR/W(AS)~ 

13 TdDS(R/W) 
TdDW(DSW) 
TdDS(DW) 
TdA(DR) 
TdAS(DS) 



Address Valid to AS t Delay 
AS I to Address Float Delay 
AS 1 to Read Data Required Valid 
AS Low Width 
Address Float to DS 1 

- DS (Read) Low Width 

DS (Write) Low Width 

DS 1 to Read Data Required Valid 
Read Data to DS 1 Hold Time 
DS t to Address Active Delay 
DS t to AS 1 Delay 

- R/W Valid to AS t Delay 

DS 1 to R/W Not Valid 

Write Data Valid to DS (Write) i Delay 
DS t to Write Data Not Valid Delay 
Address Valid to Read Data Required Valid 
AS t to DS 1 Delay 



50 




35 




2,3 


70 




45 




2,3 




360 




220 


1,2,3 


80 




55 




1,2,3 














250 — 




185- 




— 1,2,3 


160 




110 




1,2,3 




200 




130 


1,2,3 














70 




45 




2,3 


70 




55 




2,3 


-50- 




30- 




— 2,3 


60 




35 




2,3 


50 




35 




2,3 


70 




45 




2,3 




410 




255 


1,2,3 


80 




55 




2,3 



NOTES 

1 When using extended memory timing add 2 TpC 

2. Timing numbers given are for minimum TpC 

3 See clock cycle time dependent characteristics table 



t Test Load 1 

All timing references use 2 V for a logic "1" and 8 V for a logic "0" 

* All units in nanoseconds (ns) 
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Additional 

Timing 

Table 



-©- 



^-Om; 







k-o-4^ — a 



Figure 18. Additional Timing 



No. Symbol 



Parameter 



Z8601/3-8 
Min Max 



Z8601/3-12 
Min Max 



Notes* 



1 


TpC 


2 


TrCJfC 


3 


TwC 


4 


TwTinL 


5- 






6 


TpTin 


7 


TrTinJfTin 


8a 


TwIL 


8b 


TwIL 


9 


TwIH 



Input Clock Period 

Clock Input Rise And Fall Times 

Input Clock Width 

Timer Input Low Width 

Timer Input High Width 

Timer Input Period 
Timer Input Rise And Fall Times 
Interrupt Request Input Low Time 
Interrupt Request Input Low Time 
Interrupt Request Input High Time 



125 


1000 


83 


1000 


1 




25 




15 


1 


37 




26 




1 


100 




70 




2 


3TpC 




3TpC 




z, 


8TpC 




8TpC 




2 




100 




100 


2 


100 




70 




2,3 


3TpC 




3TpC 




2,4 


3TpC 




3TpC 




2,3 



NOTES- 

1 Clock timing references uses 3 8 V for a logic "1" and 8 V for 
a logic "0" 

2 Timing reference uses 2 V for a logic "1" and 0.8 V for 
a logic "0" 



3 Interrupt reguest via Port 3 (P3j-P33) 
4. Interrupt reguest via Port 3 (P3q) 
* Units in nanoseconds (ns) 



Z8603 

Memory Port 
Timing 



X 



ADDRESS VALID 



-CD- 



X 



X 



DATA IN VALID 



:c 







Figure 19. Memory Port Timing 






No. 


Symbol 


Z8601/3-8 
Parameter Min Max 


Z8601/3-12 
Min Max 


Notes* 


1 
2 


TdA(DI) 
ThDI(A) 


Address Valid to Data Input Delay 460 
Data In Hold Time 


320 



1,2 
1 



NOTES: 

1. Test Load 2 

2. This is a Clock-Cycle-Dependent parameter. For clock frequen- 
cies other than the maximum, use the following formula: 
Z8601/3 = 5 TpC - 165 

Z8601/3-12 = 5 TpC - 95 



Units are nanoseconds unless otherwise specified. 
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2194-012 2037-019 



Handshake 
Timing 



3E 



DATA IN VALID 



\ 



-©- 
-®- 



©-I 



\. 



^c 

^r 



-G>- 



I 



Figure 20a. Input Handshake 



DATA OUT VALID 



DAV 

(OUTPUT) 



\ 



-©- 



/ 



\ 



<D 



-©- 



r 



Figure 20b. Output Handshake 



g 

s 

Notes*t ►; 

cS 

i 



1,2 

■1,3 

1,2 

1,3 

1 

1 



No. Symbol 



Parameter 



Z8601/3-8 
Min Max 



Z8601/3-12 
Min Max 



1 TsDI(DAV) 

2 ThDI(DAV) 

3 TwDAV 

4 TdDAVIf(RDY) 

5 TdDAVOf(RDY)- 

6 TdDAVIr(RDY) 

7 TdDAVOrRDY) 

8 TdDO(DAV) 

9 TdRDY(DAV) 



Data In Setup Time 
Data In Hold Time 
Data Available Width 
DAV I Input to RDY i Delay 
DAV i Output to RDY I Delay - 
DAV t Input to RDY t Delay 
DAV t Output to RDY t Delay 
Data Out to DAV i Delay 
Rdy I Input to DAV t Delay 




230 
175 




160 
120 



175 



120 



-0- 



175 

50 
200 



120 

30 
140 



NOTES. 

1. Test load 1 

2. Input handshake 

3. Output handshake 

t All timing references use 2 V for a logic "1" and 8 V for 
a logic "0" 



' Units in nanoseconds (ns). 



Clock- 
Cycle-Time- 
Dependent 
Characteristics 



Number 



Symbol 



Z8601/3-8 
Equation 



Z8601/3-12 
Equation 



1 

2 

3 

4 

6- 

7 

8 
10 
11 
12- 
13 
14 
15 
16 
17 



TdA(AS) 

TdAS(A) 

TdAS(DR) 

TwAS 
-TwDSR 

TwDSW 

TdDSR(DR) 

Td(DS)A 

TdDS(AS) 
■ TdR/W(AS) - 

TdDS(R/W) 

TdDW(DSW) 

TdDS(DW) 

TdA(DR) 

TdAS(DS) 



TpC-75 
TpC-55 

4TpC-140* 

TpC-45 

-3TpC-125* 

2TpC-90* 

3TpC-175* 
TpC-55 
TpC-55 
— TpC-75 - 
TpC-65 
TpC-75 
TpC-55 

5TpC-215* 
TpC-45 



TpC-50 

TpC-40 

4TpC-110* 

TpC-30 

- 3TpC-65* - 
2TpC-55* 
3TpC-120* 

TpC-40 
TpC-30 

- TpC-55 - 
TpC-50 
TpC-50 
TpC-40 

5T P C-160* 
TpC-30 



* Add 2TpC when using extended memory timing 



2194-013 
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ORDERING INFORMATION 



Z8 MCU, 2K ROM, 8.0 MHz 
40-pin DIP 44-pin PCC 

Z8601 PS Z8601 VSt 

Z8601 CS 
Z8601 PE 
Z8601 CE 

Z8 MCU, 2K ROM, 12.0 MHz 
40-pin DIP 44-pin PCC 

Z8601-12PS Z8601-12VSf 

Z8601-12CS 



Z8 MCU, 2K XROM, 8.0 MHz 
40-pin Protopack 

Z8603 RS 
Z8603 TSt 

Z8 MCU, 2K XROM, 1 2.0 MHz 
40-pin Protopack 

Z8603-12RS 
Z8603-12TSf 



Codes 



First letter is for package; second letter is for temperature. 

C = Ceramic DIP 

P = Plastic DIP 

L = Ceramic LCC 

V = Plastic PCC 



TEMPERATURE 
S =0°Cto+7Q°C 
E = -40°Cto+85°C 
M*= -55°Cto+125°C 



R = Protopack 
T = Low Profile Protopack 
DIP = Dual-ln-Line Package 
LCC = Leadless Chip Carrier 
PCC = Plastic Chip Carrier (Leaded) 

FLOW 

B = 883 Class B 



Example: PS is a plastic DIP, 0°C to + 70°C. 

f Available soon. 

*For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 
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Z8 Z8611 
Z8® Z8612 
Z8® Z8613 



Zilog 



Product 
Specification 



March 1985 



Z8611 Single-Chip Microcomputer with 4K ROM 
Z8612 Development Device with Memory Interface 
Z8613 Prototyping Device with EPROM Interface 



Features ■ Complete microcomputer, 4K bytes of ROM, 

128 bytes of RAM, 32 I/O lines, and up to 
60K bytes addressable external space each 
for program and data memory. 

■ 144-byte register file, including 124 
general-purpose registers, four I/O port 
registers, and 16 status and control 
registers. 

■ Average instruction execution time of 
1.5 fis, maximum of 3 fis. 

■ Vectored, priority interrupts for I/O, 
counter/timers, and UART. 



Full-duplex UART and two programmable 
8-bit counter/timers, each with a 6-bit 
programmable prescaler. 

Register Pointer so that short, fast instruc- 
tions can access any of nine working- 
register groups in 1 /as. 

On-chip oscillator which accepts crystal or 
external clock drive. 

Single + 5 V power supply — all pins TTL- 
compatible. 



6» 
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General The Z8611 microcomputer introduces a new 

Description level of sophistication to single-chip architec- 
ture. Compared to earlier single- chip micro- 
computers, the Z8611 offers faster execution; 
more efficient use of memory; more sophisti- 
cated interrupt, input/output and bit- manipula- 
tion capabilities; and easier system expansion. 

Under program control, the Z8611 can be 
tailored to the needs of its user. It can be con- 



figured as a stand-alone microcomputer with 
4K bytes of internal ROM, a traditional micro- 
processor that manages up to 120K bytes of 
external memory, or a parallel-processing ele- 
ment in a system with other processors and 
peripheral controllers linked by the Z-BUS. In 
all configurations, a large number of pins 
remain available for I/O. 
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Figure 1. Pin Functions 



Figure 2a. 40-pin Dual-In-Line Package (DIP) 
Pin Assignments 



2038-001 , 002 
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Pin AS. Address Strobe (output, active Low). 

Description Address Strobe is pulsed once at the begin- 
ning of each machine cycle. Addresses output 
via Port 1 for all external program or data 
memory transfers are valid at the trailing edge 
of AS. Under program control, AS can be 
placed in the high- impedance state along with 
Ports and 1 ; Data Strobe, and Read/Write. 

DS. Data Strobe (output, active Low). Data 
Strobe is activated once for each external 
memory transfer. 

PO0-PO7, PI0-PI7, P2 -P2 7 , P3 -P3 7 . I/O Port 
Lines (input/outputs, TTL-compatible). These 
32 lines are divided into four 8-bit I/O ports 
that can be configured under program control 



for I/O or external memory interface. 



RESET. Reset (input, act ive Low ). RESET ini- 
tializes the Z8611. When RESET is deactivated, 
program execution begins from internal pro- 
gram, location OOOCh- 

R/W. Bead/Write (output). R/W is Low when 
the Z8611 is writing to external program or 
data memory. 

XTAL1,XTAL2. Crystal 1, Crystal 2 (time-base 
input and output). These pins connect a 
parallel-resonant crystal (8 or 12 MHz max- 
imum) or an external single-phase clock (8 or 
12 MHz maximum) to the on-chip clock 
oscillator and buffer. 



^o ffijfi -^^^ 4*4*4*4*4* 



RESET 
R/W 
DS 
AS 
P3 5 
GNO 
P3 2 
POo 
POi 
P0 2 
NC 



r 6 5 4 3 2 1 44 43 42 41 40 "V 




7 




39 


NC 


3 




38 


P2 4 


9 




37 


P2 3 


10 




36 


P2 2 


11 
12 


Z8611 
MCU 


35 
34 


P2i 
P2o 


13 




33 


P3 3 


14 




32 


P3 4 


15 




31 


P17 


6 




30 


P16 


7 




29 


P15 


^ 18 19 20 21 22 23 24 25 26 27 28 / 





f4&4& 4P4& 4* « N VW* ^ 



Figure 2b. 44-pin Dual-In-Line Package (DIP), Pin Assignments 
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Architecture Z8611 architecture is characterized by a 

flexible I/O scheme, an efficient register and 
address space structure and a number of 
ancillary features that are helpful in many 
applications. 

Microcomputer applications demand power- 
ful I/O capabilities. The Z8611 fulfills this with 
32 pins dedicated to input and output. These 
lines are grouped into four ports of eight lines 
each and are configurable under software con- 
trol to provide timing, status signals, serial or 
parallel I/O with or without handshake, and an 
address/data bus for interfacing external 
memory. 

Because the multiplexed address/data bus is 
merged with the I/O- oriented ports, the Z8611 
can assume many different memory and I/O 
configurations. These configurations range 
from a self-contained microcomputer to a 



microprocessor that can address 120K bytes of 
external memory (Figure 3). 

Three basic address spaces are available to 
support this wide range of configurations: pro- 
gram memory (internal and external), data 
memory (external) and the register file (inter- 
nal). The 144-byte random-access register file 
is composed of 124 general-purpose registers, 
four I/O port registers, and 16 control and 
status registers. 

To unburden the program from coping with 
real-time problems such as serial data com- 
munication and counting/timing, an asynchro- 
nous receiver/transmitter (UART) and two 
counter/timers with a large number of user- 
selectable modes are offered on-chip. Hard- 
ware support for the UART is minimized 
because one of the on-chip timers supplies the 
bit rate. 
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Figure 3. Functional Block Diagram 
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Address Program Memory. The 16-bit program 

Spaces counter addresses 64K bytes of program 

memory space. Program memory can be 
located in two areas: one internal and the 
other external (Figure 4). The first 4096 bytes 
consist of on-chip mask-programmed ROM. At 
addresses 4096 and greater, the Z8611 
executes external program memory fetches. 
The first 12 bytes of program memory are 
reserved for the interrupt vectors. These loca- 
tions contain six 16-bit vectors that correspond 
to the six available interrupts. 

Data Memory. The Z8611 can address 60K 
bytes of external data memory beginning at 



location 4096 (Figure 5). External data memory 
may be included with or separated from the 
exte rnal program memory space. 
DM, an optional I/O function that can be 
programmed to appear on pin P34, is used 
to distinguish between data and program 
memory space. 

Register File. The 144-byte register file 
includes four I/O port registers (R0-R3), 124 
general-purpose registers (R4-R127) and 16 
control and status registers (R240-R255). These 
registers are assigned the address locations 
shown in Figure 6. 

Z8611 instructions can access registers 
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Figure 4. Program Memory Map 



Figure 5. Data Memory Map 
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The upper nibble of the register file address 
— provided by the register pointer specifies 
the active working register group 



the instruction 



Figure 6. The Register File 



Figure 7. The Register Pointer 
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2038-004, 005 2037-006, 007 



Address directly or indirectly with an 8-bit address 

Spaces field. The Z8611 also allows short 4-bit register 

(Continued) addressing using the Register Pointer (one of 
the control registers). In the 4-bit mode, the 
register file is divided into nine working- 
register groups, each occupying 16 contiguous 
locations (Figure 7). The Register Pointer 
addresses the starting location of the active 
working-register group. 



Stacks. Either the internal register file or the 
external data memory can be used for the 
stack. A 16-bit Stack Pointer (R254 and R255) 
is used for the external stack, which can reside 
anywhere in data memory between locations 
4096 and 65535. An 8-bit Stack Pointer (R255) 
is used for the internal stack that resides within 
the 124 general-purpose registers (R4-R127). 



Serial Port 3 lines P3o and P37 can be programmed 

Input/ as serial I/O lines for full-duplex serial asyn- 

Output chronous receiver/transmitter operation. The 

bit rate is controlled by Counter/Timer 0, with 
a maximum rate of 62. 5K bits/second v for 8 
MHz and 94.8K bits/second for 12 MHz. 

The Z8611 automatically adds a start bit and 
two stop bits to transmitted data (Figure 8). 
Odd parity is also available as an option. Eight 
data bits are always transmitted, regardless of 



parity selection. If parity is enabled, the eighth 
bit is the odd parity bit. An interrupt request 
(IRQ4) is generated on all transmitted 
characters. 

Received data must have a start bit, eight 
data bits and at least one stop bit. If parity is 
on, bit 7 of the received data is replaced by a 
parity error flag. Received characters generate 
the IRQ3 interrupt request. 
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Figure 8. Seriol Data Formats 



Counter/ The Z8611 contains two 8-bit programmable 

Timers counter/timers (Tq and Ti), each driven by its 

own 6-bit programmable prescaler. The Ti 
prescaler can be driven by internal or external 
clock sources; however, the To prescaler is 
driven by the internal clock only. 

The 6-bit prescalers can divide the input fre- 
quency of the clock source by any number 
from 1 to 64. Each prescaler drives its counter, 
which decrements the value ( 1 to 256) that has 
been loaded into the counter. When the 
counter reaches the end of count, a timer 
interrupt request — IRQ4 (Tq) or IRQ5 (Ti) — 
is generated. 

The counters can be started, stopped, 
restarted to continue, or restarted from the 
initial value. The counters can also be pro- 
grammed to stop upon reaching zero (single- 
pass mode) or to automatically reload the 



initial value and continue counting (modulo-n 
continuous mode). The counters, but not the 
prescalers, can be read any time without 
disturbing their value or count mode. 

The clock source for Ti is user-definable and 
can be the internal microprocessor clock 
(4 MHz maximum for the 8 MHz device and a 
6 MHz maximum for the 12 MHz device.) 
divided by four, or an external signal input via 
Port 3. The Timer Mode register configures the 
external timer input as an external clock 
(1 MHz maximum), a trigger input that can be 
retriggerable or non-retriggerable, or as a 
gate input for the internal clock. The 
counter/timers can be programmably cascaded 
by connecting the To output to the input of T\ . 
Port 3 line P3g also serves as a timer output 
(Tout) through which To, Ti or the internal 
clock can be output. 



2047-009 
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I/O Ports The Z861 1 has 32 lines dedicated to input 

and output. These lines are grouped into four 
ports of eight lines each and are configurable 
as input, output or address/data. Under soft- 
ware control, the ports can be programmed to 



provide address outputs, timing, status signals, 
serial I/O, and parallel I/O with or without 
handshake. All ports have active pull-ups and 
pull-downs compatible with TTL loads. 



Port 1 can be programmed as a byte I/O 
port or as an address/data port for interfacing 
external memory. When used as an I/O port, 
Port 1 may be placed under handshake con- 
trol. In this configuration, Port 3 lines P33 and 
P34 are u sed as the handshake controls RDYi 
and DAVi (Ready and Data Available). 

Memory locations greater than 4096 are 
referenced through Port 1 . To interface exter- 
nal memory, Port 1 must be programmed 
for the multiplexed Address/Data mode. If 
more than 256 external locations are required, 
Port must output the additional lines. 

Port 1 can be placed in t he high-impedance 
state along with Port 0, AS, DS and R/W, 



allowing the Z8611 to share common resources 
in multiprocessor and DMA applications. Data 
transfers can be controlled by assigning P33 as 
a Bus Acknowledge input, and P34 as a Bus 
Request output. 
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Figure 9a. Port 1 



Port can be programmed as a nibble I/O 
port, or as an address port for interfacing 
external memory. When used as an I/O port, 
Port may be placed under handshake con- 
trol. In this configuration, Port 3 lines P32 an d 
P35 are used as the handshake controls DAVo 
and RDYo. Handshake signal assignment is 
dictated by the I/O direction of the upper 
nibble PO4-PO7. 

For external memory references, Port can 
provide address bits As- An (lower nibble) or 
A8-A15 (lower and upper nibble) depending 
on the required address space. If the address 
range requires 12 bits or less, the upper nibble 
of Port can be programmed independently as 



I/O while the lower nibble is used for address- 
ing. When Port nibbles are defined as 
address bits, they can be set to the high- 
impedance state along withPort 1 and the con- 
trol signals AS, DS and R/W. 
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Figure 9b. Port 



Port 2 bits can be programmed inde- 
pendently as input or output. This port is 
always available for I/O operations. In addi- 
tion, Port 2 can be configured to provide 
open- drain outputs. 

Like Ports and 1 , Port 2 may also be 
placed under handshake control. In this con- 
figuration, Port 3 lines P3i a nd P3 6 are used as 
the handshake controls lines DAV2 and RDY2. 
The handshake signal assignment for Port 3 
lines P3i and P36 is dictated by the direction 
(input or output) assigned to bit 7 of Port 2. 
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Figure 9c. Port 2 



Port 3 lines can be configured as I/O or con- 
trol lines. In either case, the direction of the 
eight lines is fixed as four input (P3o-P33) and 
four output (P3 4 -P37). For serial I/O, lines P3o 
and P37 are programmed as serial in and serial 
out respectively. 

Port 3 can also provide the following control 
f uncti ons: handshake for Ports 0, 1 and 2 
(DAVand RDY); four external interrupt 
request signals (IRQ0-IRQ3); timer input and 
output signals (TjNjtnd Tout) and Data 
Memory Select (DM). 
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Figure 9d. Port 3 
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Interrupts The Z861 1 allows six different interrupts from 

eight sources: the four Port 3 lines P3o-P33, 
Serial In, Serial Out, and the two counter/ 
timers. These interrupts are both maskable and 
prioritized. The Interrupt Mask register glob- 
ally or individually enables or disables the six 
interrupt requests. When more than one inter- 
rupt is pending, priorities are resolved by a 
programmable priority encoder that is con- 
trolled by the Interrupt Priority register. 

All Z8611 interrupts are vectored. When an 
interrupt request is granted, an interrupt 
machine cycle is entered. This disables all 



subsequent interrupts, saves the Program 
Counter and status flags, and branches to the 
program memory vector location reserved for 
that interrupt. This memory location and the 
next byte contain the 16- bit address of the 
interrupt service routine for that particular 
interrupt request. 

Polled interrupt systems are also supported. 
To accommodate a polled structure, any or all 
of the interrupt inputs can be masked and the 
Interrupt Request register polled to determine 
which of the interrupt requests needs service. 



Clock The on-chip oscillator has a high-gam, 

parallel- resonant amplifier for connection to a 
crystal or to any suitable external clock source 
(XTAL1 = Input, XTAL2 = Output). 

The crystal source is connected across 
XTAL1 and XTAL2, using the recommended 
capacitors (Ci < 15 pF) from each pin to 



ground. The specifications for the crystal are 
as follows: 

■ AT cut, parallel resonant 

■ Fundamental type, 8/12 MHz maximum 

■ Series resistance, R s < 100 ft 
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Z8612 The Z8612 is a development version (Figure 10) 

Development of the 40-pin mask-programmed Z86 1 1 . It allows 
Device the user to prototype the system in hardware with 

an actual device and to develop the code that is 

eventually mask-programmed into the on-chip 

ROMoftheZ8611. 

The Z8612 is identical to the Z8611 with the 

following exceptions: 

■ The internal ROM has been removed. 

■ The ROM address lines and data lines are 
buffered and brought out to external pins. 



■ Control lines for the new memory have 
been added. 

Pin Description. The functions of the Z8612 
I/O lin es, AS, DS, R/W, XTAL1, XTAL2 and 
RESET are identical to those of their Z861 1 
counterparts. The functions of the remaining 
24 pins are as follows: 

Ao-An. Program Memory Address (outputs). 
Ao-Ai i access the first 4K bytes of program 
memory. 
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Figure lOo. 64-pin Dual-In-Line (DIP) Pin Assignments 
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Z8612 

Development 

Device 

(Continued) 



D0-D7. Program Data (inputs). Program data 
from the first 4K bytes of program memory is 
input through pins D0-D7. 

IACK. Interrupt Acknowledge (output, active 
High). IACK is driven High in response to an 
interrupt during the interrupt machine cycle. 



MDS. Progr am Me mory Data Strobe (output, 
active Low). MDS is Low during an instruction 
fetch cycle when the first 4K bytes of program 
memory are being accessed. 



SCLK. System Clock (output). SCLK is the 
internal clock output through a buffer. The 
clock rate is egual to one-half the crystal 
frequency. 

SYNC. Instruction Sync (output, active Low). 
This strobe output is forced Low during the 
internal clock period preceding an opcode 
fetch. 



Z8613 

Protopack 

Emulator 



The Z8613 Protopack (R) is used for prototype 
development and preproduction of mask- 
programmed applications. The Protopack is a 
ROMless version of the standard Z861 1 , housed 
in a pin-compatible 40-pin package (Figure 11). 

To provide pin compatibility and inter- 
changeability with the standard mask- 
programmed device, the Protopack carries 
(piggy-back) a 24-pin socket for a direct inter- 
face to program memory (Figure 1). The 
24-pin socket is equipped with 12 ROM 




address lines, 8 ROM data lines and necessary 
control lines for interface to 2732 EPROM for 
the first 4K bytes of program memory. 

Pin compatibility allows the user to 
design the pc board for a final 40-pin mask- 
programmed Z8611, and, at the same time, 
allows the use of the Protopack to build the 
prototype and pilot production units. When the 
final program is established, the user can then 
switch over to the 40-pin mask-programmed 
Z8611 for large volume production. The Proto- 
pack is also useful in small volume applications 
where masked ROM setup time and mask charges 
are prohibitive and program flexibility is desired. 

Compared to the conventional EPROM 
versions of the single-chip microcomputers, 
the Protopack approach offers two main 
advantages: 

■ Ease of developing various programs during 
the prototyping stage: For instance, in 
applications where the same hardware 
configuration is used with more than one 
program, the Z8613 Protopack allows 
economical program storage in separate 
EPROMs (or PROMs), whereas the use of 
separate EPROM-based single-chip 
microcomputers is more costly. 

■ Elimination of long lead time in procuring 
EPROM-based microcomputers. 



Figure 11. The Z8613 Microcomputer Protopack Emulator 



Instruction Addressing Modes. The following notation is used 

Set to describe the addressing modes and instruction 

Notation operations as shown in the instruction summary. 

IRR Indirect register pair or indirect working-register 

pair address 

Irr Indirect working-register pair only 

X Indexed address 

DA Direct address 

RA Relative address 

IM Immediate 

R Register or working-register address 

r Working-register address only 

IR Indirect-register or indirect working-register 

address 

Ir Indirect working-register address only 

RR Register pair or working register pair address 



Symbols. The following symbols are used in 
describing the instruction set. 



dst 


Destination location or contents 


src 


Source location or contents 


cc 


Condition code (see list) 


@ 


Indirect address prefix 


SP 


Stack pointer (control registers 254-255) 


PC 


Program counter 


FLAGS 


Flag register (control register 252) 


RP 


Register pointer (control register 253) 


IMR 


Interrupt mask register (control register 251) 



Assignment of a value is indicated by the symbol 
" — ". For example, 

dst — dst + src 
indicates that the source data is added to the 
destination data and the result is stored in the 
destination location. The notation "addr(n)" is used 
to refer to bit "n" of a given location. For example, 

dst (7) 
refers to bit 7 of the destination operand. 
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Instruction 

Set 

Notation 

(Continued) 



Flags. Control Register R252 contains the following 
six flags: 



C 
Z 

s 

V 
D 
H 



Instruction 
Formats 



Carry flag 
Zero flag 
Sign flag 
Overflow flag 
Decimal-adjust flag 
Half-carry flag 



Affected flags are indicated by: 

Cleared to zero 

1 Set to one 

* Set or cleared according to operation 

— Unaffected 

X Undefined 



Condition 


Value 


Mnemonic 


Meaning 




Flags Set 


Codes 


1000 




Always true 




... 




0111 


C 


Carry 




C = 1 




mi 


NC 


No carry 




C = 




0110 


Z 


Zero 




Z = 1 




1110 


NZ 


Not zero 




Z = 




1101 


PL 


Plus 




S = 




0101 


MI 


Minus 




S = 1 




0100 


OV 


Overflow 




V = 1 




1100 


NOV 


No overflow 




V = 




0110 


EQ 


Equal 




Z = 1 




1110 


NE 


Not equal 




Z = 




1001 


GE 


Greater than or equal 




(S XOR V) = 




0001 


LT 


Less than 




(S XOR V) = 1 




1010 


GT 


Greater than 




[Z OR (S XOR V)] = 




0010 


LE 


Less than or equal 




[Z OR (S XOR V)] = 1 




mi 


UGE 


Unsigned greater than or 


equal 


C = 




0111 


ULT 


Unsigned less than 




C = 1 




1011 


UGT 


Unsigned greater than 




(C = AND Z = 0) = 1 




0011 


ULE 


Unsigned less than or equal 


(C OR Z) = 1 




0000 




Never true 




— 



1 



OPC I 



One-Byte Instructions 



e | OPC 



1 OPC 



dst/CC | OPC 



CLR, CPL, DA, DEC, 
h 1 1 oldst/src I DECW, INC, INCW, POP, 
| 1 1 1 0|ast/src | push, rl, RLC, RR, 

RRC, SRA, SWAP 



OPC | MODE 



OR 


1110 


src 


OR 


1110 


dst 



OR |1 1 1 0| dst | 



OPC 


MODE 


dst 


src 



MODE 


OPC 


dst/src 


src/dst 



JP, CALL (Indirect) 



OPC I mode" 



ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 



ADC, ADD, AND, CP, 



ADC, ADD, AND, 
CP, OR, SBC, SUB, 
TCM, TM, XOR 



MODE | OPC 



OR 


1110 


src 


OR 


1110 


dst 



MODE 


OPC 


dst/src 


X 


ADDRESS 



OR |1 1 1 0| src | 



Two-Byte Instructions 



Three-Byte Instructions 



Figure 12. Instruction Formats 
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Instruction Instruction 
Summary and Operation 


Addr Mode 
dst src 


Opcode 
Byte 

(Hex) 


Flags Affected 
C Z S VDH 


Instruction A <*dr Mode 
and Operation dgt grc 


Opcode 
Byte 
(Hex) 


Flags Affected 
C Z S VDH 


ADC dst, src 

dst — dst + src + C 

ADD dst, src 
dst — dst + src 


(Note 1) 

(Note 1) 

(Note 1) 

DA 
IRR 

St 

R 
IR 

R 
IR 

(Note 1) 

R 
IR 

R 
IR 


ID 

on 

5D 

D6 
D4 

EF 

BO 
Bl 

60 
61 

AD 

40 
41 

00 
01 


* * * * * 

* * * * o * 

_ * * - - 

_ * * o 

* * * X - - 
— * * * 


LDE dst, src r 
dst — src Irr 

LDEI dst, src Ir 
dst — src Irr 
r — r+1; rr «- rr + 1 


Irr 
r 

Irr 
Ir 


82 
92 

83 
93 




dst - dst AND src 

CALL dst 

SP - SP - 2 

@SP - PC; PC - d 

CCF 

C - NOT C 

CLR dst 

dst - 

COM dst 

dst - NOT dst 

CP dst, src 
dst - src 


NOP 

OR dst,src (Note 1) 
dst -dst OR src 

POP dst R 

dst - @SP IR 
SP - SP + 1 

PUSH src R 
SP-SP-1; @SP-src IR 

RCF 

C - 

RET 

PC-@SP; SP-SP + 2 


FF 

4D 

50 
51 

70 
71 

CF 
AF 


_ * * - - 










90 
91 




DA dst 

dst - DA dst 


•"• dst ^J^J K 


****__ 








10 
11 




DEC dst 

dst - dst - 1 


"^LqhezsiJ^ 


****__ 




RR 
IR 




80 
81 


_ * * * 






E0 
El 




DECW dst 

dst - dst - 1 


m <* LhLezjjR 










CO 
CI 




DI 

IMR (7) - 






8F 




rac «* Lehc^ £ 


****__ 


SBC dst, src (Note 
dst — dst - src - C 

SCF 

C- 1 


»1) 


3D 

DF 

DO 
Dl 


* * * * \ * 


DJNZ r,dst 
r *- r - 1 
if r * 
PC - PC + dst 


RA 




rA 
r = 0-F 




1 


Range: +127, -128 


5HA dst L0 [ g 3 J H 


* * * o — — 








9F 






EI 

IMR (7) - 1 


SRP src 

RP - src 

SUB dst,src (Note 
dst — dst - src 

SWAP dst , f~p | R 


Im 
»1) 


31 

2D 

F0 
Fl 




INC dst 

dst - dst + 1 


r 

R 
IR 




rE 

r = 0-F 

20 

21 


_***__ 


* * * * 1 * 

X * * X - - 


INCW dst 

dst - dst + 1 

IRET 

FLAGS -@SP; SP 
PC-@SP; SP-S1 


RR 
IR 

-SP- 
? + 2; 

DA 

IRR 

RA 

r 
r 


f 1 
IMR (7! 

Im 
R 


A0 
Al 

BF 

) -1 

cD 

c = 0-F 

30 

cB 
c = 0-F 

rC 
r8 


_***__ 
****** 


l_! * IR 




TCM dst,src (Note 1) 
(NOT dst) AND src 

TM dst, src (Note 1) 
dst AND src 


6D 

7D 


_ * * o - - 
- * * o - - 


JP cc,dst 
if cc is true 
PC - dst 

JR cc,dst 
if cc is true, 

PC - PC + dst 
Range: + 127, -128 

LD dst, src 

dst — src 


XOR dst,src (Note 1) BD - * * - - 
dst- dst XOR src 

Notel 

These instructions have an identical set of addressing 
modes, which are encoded for brevity. The first opcode 
nibble is found in the instruction set table above The 
second nibble is expressed symbolically by a □ in this 
table, and its value is found in the following table to the 



Ir 
R 
R 
R 
IR 
IR 



R 
IR 
Im 
Im 
R 



r9 left of the applicable addressing mode pair. 

r _ Q_p For example, to determine the opcode of an ADC 

Q7 instruction use the addressing modes r (destination) and 

TY7 Ir (source). The result is 13. 

E3 

F3 

E5 Addr Mode Lower 

Opcode Nibble 



E7 
F5 



LDC dst, src 
dst — src 



Irr 



Irr 



C2 
D2 



LDCI dst, src Ir Irr C3 

dst — src Irr Ir D3 

r — r + 1 ; rr — rr + 1 



dst 


src 


r 


r 


r 


Ir 


R 


R 


R 


IR 


R 


IM 


IR 


IM 



a 

® 
m 
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Registers 



R240 SIO 
Serial I/O Register 

(F0 H ; Read/Write) 

| D 7 j D a | S | D 4 | D 3 [ D 2 | P., | D "| 



T 



- SERIAL DATA (D = LSB) 



R244 TO 
Counter/Timor Register 

(F4 H ; Read/Write) 

| P 7 j Q 6 | D s | D4 [ p 3 I p 2 1 PiTpTI 



T CURRENT VALUE (WHEN READ) 



R241 TMR 
Timer Mode Register 

(F1 H ; Read/Write) 



Tout MODES 

NOT USED = 00 

T OUT = 01 

T, OUT = 10 

INTERNAL CLOCK OUT = 11 

T IN MODES 

EXTERNAL CLOCK INPUT = 00 

GATE INPUT = 01 

TRIGGER INPUT = 10 

(NON-RETRIGGERABLE) 

TRIGGER INPUT = 11 
(RETRIGGERABLE) 



I* 


d 6 |d 5 


0410310210,100! 








L 



= NO FUNCTION 
= LOAD T 



R245 PRE0 
Prescaler Register 

(F5 H ; Write Only) 



M D «i E 



4 1 D 3 I D 2 I D 1 I Do] 



COUNT MODE 
- = T SINGLE-PASS 
1 = T MODULON 



PRESCALER MODULO 
-(RANGE- 1-64 DECIMAL 
01-00 HEX) 



s 



8» 

I 



R242 Tl 
Counter Timer 1 Register 

(F2 H ; Read/Write) 

| D 7 I D 6 I D s | D 4 [ P 3 | D 2 j Dl [p7| 



R246 P2M 
Port 2 Mode Register 

(F6 H ; Write Only) 



T, CURRENT VALUE (WHEN READ) 



P2 -P2 7 I/O DEFINITION 
- DEFINES BIT AS OUTPUT 
1 DEFINES BIT AS INPUT 



R243 PRE1 
Prescaler 1 Register 

(F3 H ; Write Only) 



R247 P3M 
Port 3 Mode Register 

(F7 H ; Write Only) 




| p 7 j p 6 j p 5 1 p 4 



COUNT MODE 

= T, SINGLE PASS 

1 = T, MODULO N 

CLOCK SOURCE 
1 = T, INTERNAL 
= T, EXTERNAL TIMING INPUT 
(T IN ) MODE 

PRESCALER MODULO 
(RANGE 1-64 DECIMAL 
01-00 HEX) 



D 3 | P 2 | P, | D | 



u 



P33 = INPUT P34 = OUTPUT 

-° }P33 = INPUT P34 = D"ffl 

11 P33 = DAV1/RDY1 P34 = RDY1/DAV 



Figure 13. Control Registers 
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Registers 

(Continued) 



R248 P01M 
Port and 1 Mode Register 

(F8 H ; Write Only) 



PO4-PO7 MODE 

OUTPUT = 00 

INPUT = 01 

Ai2-A 15 = 1X 

EXTERNAL MEMORY TIMING 

NORMAL = 

EXTENDED = 1 



| D 7 | D 6 | D s | D 4 

T" 


D»|Da|D,|Do| 



"Si 



P0 3 MODE 
) = OUTPUT 
01 = INPUT 
IX = A e -A„ 



STACK SELECTION 

= EXTERNAL 

1 = INTERNAL 

PI0-PI7 MODE 

00 = BYTE OUTPUT 

01 = BYTE INPUT 

10 = AD -AD 7 

11 = HIQhHMPEDANCE AD0-AD7, 

AS, DS, R/W, A8-A11, A12-A1S 
IF SELECTED 



R252 FLAGS 
Flag Register 

(FC H ; Read/Write) 



0710,10510410310210,100 



Li 



USER FLAG F1 

USER FLAG F2 
-HALF CARRY FLAG 
-DECIMAL ADJUST FLAG 
-OVERFLOW FLAG 



R249 IPR 
Interrupt Priority Register 

(F9 H ; Write Only) 



| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D,"^ 



IRQ3, IRQ5 PRIORITY (GROUP A) 

= IRQ5 > IRQ3 ~ 

1 = IRQ3 > IRQ5 

IRQO, IRQ2 PRIORITY (GROUP B) 

= IRQ2 > IRQO - 

1 = IRQO > IRQ2 

IRQ1, IRQ4 PRIORITY (GROUP C) 

= IRQ1 > IRQ4 - 

1 = IRQ4 > IRQ1 



ster 


REGISTER 
POINTER 


R253 RP 
Register Pointer 

(FD H ; Read/Write) 




10710610510410310210,1001 








INTERRUPT GROUP PRIORITY 
RESERVED = 000 
C > A > B = 001 


IP 




' DON'T CARE 






A > C > B = 011 


K; 






C > B > A = 101 
B > A > C = 110 
RESERVED =111 









R250 IRQ 
Interrupt Request Register 

(FA H ; Read/Write) 



I D 7 J D 6 J D 5 J D« J D 3 I D 2 1 D, 1 Dp 1 
Zl 1 



R254 SPH 
Stack Pointer 

(FE H ; Read/Write) 

J D 7 1 D 6 [ D s I D 4 1 D 3 I D 2 I D t | Dp | 



- IRQO = P3 2 INPUT (Do = IRQO) 
IRQ1 = P3 3 INPUT 
IRQ2 = P3i INPUT 
IRQ3 = P3o INPUT, SERIAL INPUT 
IRQ4 = T , SERIAL OUTPUT 
IRQS = T, 



STACK POINTER UPPER 
" BYTE (SP 8 -SP, S ) 



R251 IMR 
Interrupt Mask Register 

(FB H ; Read/Write) 



| D 7 | D 8 | D s | 4 | D 3 | D 2 | D, | D | 



R255 SPL 
Stack Pointer 

(FF H ; Read/Write) 

| D 7 I D 6 I D 5 j 4 | D 3 I D 2 | 0, | Dp | 



1 ENABLES IRQO-IRQS 
(Do = IRQO) 

- RESERVED 

-1 ENABLES INTERRUPTS 



STACK POINTER LOWER 
" BYTE (SP0-SP7) 



Figure 13. Control Registers (Continued) 
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2037-014 



Opcode 
Map 



Lower Nibble (Hex) 
6 7 8 



* 6 



Z 



6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


6,5 


6,5 


12/10,5 


12/10,0 


6,5 


12/10,0 


6,5 




DEC 


DEC 


ADD 


ADD 


ADD 


ADD 


ADD 


ADD 


LD 


LD 


DJNZ 


JR 


LD 


IP 


INC 




Ri 


IRi 


ri,r2 


ri,Ir2 


R2,Ri 


IR 2 ,Ri 


Ri,IM 


IRi,IM 


n,R2 


r2,Ri 


n,RA 


cc,RA 


ri,IM 


cc,DA 


ri 




6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 
































RLC 


RLC 


ADC 


ADC 


ADC 


ADC 


ADC 


ADC 
































Ri 


IRi 


ri,r2 


ri,Ir2 


R2,Ri 


IR2,Ri 


Ri,IM 


IRi,IM 
































6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




INC 


INC 


SUB 


SUB 


SUB 


SUB 


SUB 


SUB 
































Ri 


IRi 


ri,r2 


ri,Ir2 


R2,Ri 


IR2,Ri 


Ri,IM 


IRi,IM 
































8,0 


6,1 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




JP 


SRP 


SBC 


SBC 


SBC 


SBC 


SBC 


SBC 
































IRRi 


IM 


ri,r2 


ri,Ir2 


R2,Ri 


IR 2 ,Ri 


Ri,IM 


IRi,IM 
































8,5 


8,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




DA 


DA 


OR 


OR 


OR 


OR 


OR 


OR 
































Ri 


IRi 


ri,r2 


ri,Ir2 


R2,Ri 


IR2,Ri 


Ri,IM 


IRi,IM 
































10,5 


10,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




POP 


POP 


AND 


AND 


AND 


AND 


AND 


AND 
































Ri 


IRi 


ri,r2 


n,Ir2 


R2,Ri 


IR2,Ri 


Ri,IM 


IRi,IM 
































6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




COM 


COM 


TCM 


TCM 


TCM 


TCM 


TCM 


TCM 
































Ri 


IRi 


ri,r2 


n,Ir2 


R 2 ,Ri 


IR2,Ri 


Ri,IM 


IRi,IM 
































10/12, 1 


12/14, 1 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




PUSH 


PUSH 


TM 


TM 


TM 


TM 


TM 


TM 
































R 2 


IR 2 


ri, xz 


ri,Ir2 


R 2 ,Ri 


IR2,Ri 


Ri,IM 


IRi,IM 
































10,5 


10,5 


12,0 


18,0 










6 1 


DECW 


DECW 


LDE 


LDEI 






































DI 


RRi 


IRi 


n,Irr2 


Iri,Irr2 






































6,5 


6,5 


12,0 


18,0 










6,1 
EI 


RL 


RL 


LDE 


LDEI 






































Ri 


IRi 


r2, Irn 


Ir2,Irri 






































10,5 


10,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


14,0 
RET 


INCW 


INCW 


CP 


CP 


CP 


CP 


CP 


CP 






























RRi 


IRi 


ri, r2 


n,Ir2 


R2,Ri 


IR2,Ri 


Rl,IM 


IRi,IM 






























6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


16,0 
IRET 


CLR 


CLR 


XOR 


XOR 


XOR 


XOR 


XOR 


XOR 






























Ri 


IRi 


ri,r2 


ri,Ir2 


R2,Ri 


IR2,Ri 


Ri,IM 


IRi,IM 
































6,5 


6,5 


12,0 


18,0 








10,5 


6 5 


RRC 


RRC 


LDC 


LDCI 








LD 






























RCF 


Ri 


IRi 


ri, Irr2 


Iri,Irr2 








ri, x, R 2 






























6,5 


6,5 


12,0 


18,0 


20,0 




20,0 


10,5 


6,5 
SCF 


SRA 


SRA 


LDC 


LDCI 


CALL* 




CALL 


LD 






























Ri 


IRi 


r2,Irri 


Ir2, Irri 


IRRi 




DA 


12, x, Ri 






























6,5 


6,5 




6,5 


10,5 


10,5 


10,5 


10,5 


6,5 
CCF 


RR 


RR 




LD 


LD 


LD 


LD 


LD 






























Ri 


IRi 




ri, Ir2 


R2,Ri 


IR 2 ,Ri 


Ri,IM 


IRi,IM 






























8,5 


8,5 




6,5 




10,5 






6,0 
NOP 


SWAP 


SWAP 




LD 




LD 


































Ri 


IRi 




Iri,r2 




R2,IRi 






1 


f 


^ 


|f 


1 


\ 


? 


^ 


\ 


1 


\ 


^ 


\ 



S3 



§ 



Bytes per 
Instruction 



Lower 
Opcode 
Nibble 

Execution y Pipeline 

Cycles v 4 > Cycles 



Upper 

Opcode " 

Nibble 



w 



10,5 
CP 

R2,Ri 



First ' 
Operand 



\ 



- Mnemonic 



Second 
Operand 



Legend: 

R = 8-Bit Address 
r = 4- Bit Address 
Ri or n = Dst Address 
R2 or r2 = Src Address 

Sequence: 

Opcode, First Operand, Second Operand 

Note: The blank areas are not defined. 



*2-byte instruction, fetch cycle appears as a 3-byte instruction 
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Absolute Voltages on all pins 

Maximum with respect to GND -0.3 V to +7.0 V 

Ratings Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65 °C to + 150°C 



Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



Standard 

Test 

Conditions 



The DC characteristics listed below apply for 
the following standard test conditions, unless 
otherwise noted. All voltages are referenced to 
GND. Positive current flows into the reference 
pin. 

Standard conditions are: 

□ +4.75 V < V cc < +5.25 V 

□ GND = V 

□ 0°C < T A < +70°C* 




The Ordering Information section lists package 
temperature ranges and product numbers. Pack- 
age drawings are in the Package Information 
section in this book. Refer to the Literature List 
for additional documentation. 




( >o 




Figure 14. Test Load 1 



Figure 15. Test Load 2 



Figure 16. TTL External Clock Interface Circuit 

(Both the clock and its complement are required) 



DC 

Character- 
istics 



Symbol Parameter 


Min 


Max 


Unit 


Condition Notes 


V C H 


Clock Input High Voltage 


3.8 


Vcc 


V 


Driven by External Clock Generator 


V C L 


Clock Input Low Voltage 


-0.3 


0.8 


V 


Driven by External Clock Generator 


VlH 


Input High Voltage 


2.0 


Vcc 


V 




Vil 


Input Low Voltage 


-0.3 


0.8 


V 




Vrh 


Reset Input High Voltage 


3.8 


Vcc 


V 




Vrl 


Reset Input Low Voltage 


-0.3 


0.8 


V 




VOH 


Output High Voltage 


2.4 




V 


Ioh = -250 ^A 1 


Vol. 


Output Low Voltage 




0.4 


V 


Iol = +2.0 mA 1 


Iil 


Input Leakage 


-10 


10 


liA 


V< Vi N <S +5.25 V 


IOL 


Output Leakage 


-10 


10 


HA 


0V< Vin £ +5.25 V 


IlR 


Reset Input Current 




-50 


HA 


V CC = +5.25V,V RL = 0V 


!cc 


Vcc Supply Current 




180 


mA 





1. For Aq-Ah, MDS, SYNC, SCLK and IACK on the Z8612 version, Iqh = -100 pA and Iql = 1-0 mA. 
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8085-0313, 0312 2037-015 



External I/O 
or Memory 
Read and 
Write Timing 



ZD( 



PORT 0, 
DM 






x 



«*<«>*► 



-Ki> 



^=r 



^>-A7 ^ \ 
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3F 



<5> 



-<§>" 



•ft 



-<!>- 



^ D0-D7 ir 



-<!>- 



/ 



X 



3C 



DS 

(WRITE) 



X 



-®- 



-<!3>— 



X= 






— <§>•* 



X 



y 



Figure 17. External I/O or Memory Read/Write 



No. Symbol 



Parameter 



Z861 1/2/3-8 
Min Max 



Z8611/2/3-12 
Min Max 



Notes*t° 



1 



1 TdA(AS) 

2 TdAS(A) 

3 TdAS(DR) 

4 TwAS 

5 TdAz(DS) 

6 — TwDSR 

7 TwDSW 

8 TdDSR(DR) 

9 ThDR(DS) 

10 TdDS(A) 

11 TdDS(AS) 

12 — TdR/W(AS) - 

13 TdDS(R/W) 

14 TdDW(DSW) 

15 TdDS(DW) 

16 TdA(DR) 

17 TdAS(DS) 



Address Valid to AS 1 Delay 

AS I to Address Float Delay 

AS t to Read Data Required Valid 

AS Low Width 

Address Float to DS i 
• DS (Read) Low Width 

DS (Write) Low Width 

DS i to Read Data Required Valid 

Read Data to DS t Hold Time 

DS t to Address Active Delay 

DS t to AS I Delay 
■ R/W Valid to AS t Delay 

DS t to R/W Not Valid 

Write Data Valid to DS (Write) I Delay 

DS t to Write Data Not Valid Delay 

Address Valid to Read Data Required Valid 

AS t to DS 1 Delay 



50 
70 




■250 ■ 
160 


70 
70 
-50- 



360 



200 



50 
70 



410 



35 
45 

55 

-185 ■ 
110 



45 
55 
-30- 
35 
35 
45 

55 



220 



130 



255 



2,3 
2,3 
1,2,3 
2,3 

1,2,3 
1,2,3 
1,2,3 

2,3 
2,3 
2,3 
2,3 
2,3 
2,3 
1,2,3 
2,3 



NOTES: 

1 . When using extended memory timing add 2 TpC. 

2. Timing numbers given are for minimum TpC. 

3. See clock cycle time dependent characteristics table. 



t Test Load 1 

All timing references use 2.0V for a logic "1" and 0.8V for a logic "0". 

* All units in nanoseconds (ns). 
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Timing 

Table 
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Figure 18. Additional Timing 



No. Symbol 



Parameter 



Z8611/2/3-8 
Min Max 



Z861 1/2/3-12 
Min Max 



Notes* 



1 TpC 

2 TrCJfC 

3 TwC 

. 4 TwTinL 

5 TwTinH 

6 TpTin 

7 TrTmJfTin 
8a TwIL 

8b TwIL 

9 TwIH 



Input Clock Period 

Clock Input Rise And Fall Times 

Input Clock Width 

Timer Input Low Width 

- Timer Input High Width 

Timer Input Period 
Timer Input Rise And Fall Times 
Interrupt Request Input Low Time 
Interrupt Request Input Low Time 
Interrupt Request Input High Time 



125 


1000 


83 


1000 


1 




25 




15 


1 


37 




26 




1 


100 




70 




2 


olpo 




OlpL* 






8TpC 




8TpC 




2 




100 




100 


2 


100 




70 




2,3 


3TpC 




3TpC 




2,4 


3TpC 




3TpC 




2,3 



NOTES: 

1 Clock timing references uses 3.8 V for a logic "1" and 0.8 V for 

a logic "0". 
2. Timing reference uses 2.0 V for a logic "1" and 0.8 V for 

a logic "0". 



3. Interrupt request via Port 3 (P3j-P33). 

4. Interrupt request via Port 3 (P3q). 
* Units in nanoseconds (ns). 



Z8612, Z8613 
Memory Port 
Timing 



X 



-0- 



ADDRESS VALID 



X 



DATA IN VALID 



X. 



:c 







Figure 19. Memory Port Timing 






No. 


Symbol 


Z861 1/2/3-8 
Parameter Min Max 


Z861 1/2/3-12 
Min Max 


Notes* 


1 
2 


TdA(DI) 
ThDI(A) 


Address Valid to Data Input Delay 460 
Data In Hold Time 


320 



1,2 
1 



NOTES: 

1 Test Load 2 

2 This is a Clock-Cycle-Dependent parameter. For clock frequen- 
cies other than the maximum, use the following formula: 

Z861 1/2/3 = 5 TpC - 165 
Z861 1/2/3- 12 = 5 TpC - 95 



" Units are nanoseconds unless otherwise specified. 
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2194-012 2037-019 



Handshake 
Timing 



X 



OH 



DATA IN VALID 



\ 



-©- 

-<3>" 



0^ 



\ 



=f 



-©- 



r 



Figure 20a. Input Handshake 





DATA OUT 

DAV 

(OUTPUT) 

ROY 

(INPUT) 


* 


DATA OUT VALID 










1- — (D — i 


1 4 








\ 


r 






R\ 




(T\ . 








\y 


\V - 






F 


\: — - 


t 






igure 20b. Output Handshake 






1 


No. Symbol 


Parameter 




Z861 1/2/3-8 Z861 1/2/3-12 
Min Max Min Max 


Notes*t 


01 


1 TsDI(DAV) 


Data In Setup Time 










^ 


2 ThDI(DAV) 


Data In Hold Time 


230 


160 




CO 


3 TwDAV 

4 TdDAVIf(RDY) 


Data Available Width 

DAV I Input to RDY 1 Delay 


175 120 

175 120 


1,2 


! 


5 TdDAVOf(RDY) 


-DAV I Output to RDY 1 Delay 


o 





1,3 




6 TdDAVIr(RDY) 


DAV t Input to RDY t Delay 


175 120 


1,2 




7 TdDAVOrRDY) 


DAV t Output to RDY t Delay 








1,3 




8 TdDO(DAV) 


Data Out to DAV 1 Delay 


50 


30 


1 




9 TdRDY(DAV) 


Rdy 1 Input to DAV t Delay 


200 140 


1 




NOTES: 

1. Test load 1 

2. Input handshake 

3. Output handshake 

t All timing references use 
a logic "0". 


2.0 V for a logic 


"1" and 0.8 V for 


* Units in nanoseconds (ns). 






Clock- 
Cycle-Time- Number 


Symbol 


Z8611/2/3-8 
Equation 


Z8611/2/3-12 
Equation 






Dependent 
Characteristics 


1 

2 


TdA(AS) 
TdAS(A) 


TpC-75 
TpC-55 


TpC-50 
TpC-40 








3 


TdAS(DR) 


4TpC-140* 


4TpC-110* 








4 


TwAS 


TpC-45 


TpC-30 








6 


- TwDSR 


3TpC-125* 


3TpC-65* 








7 


TwDSW 


2TpC-90* 


2TpC-55* 








8 


TdDSR(DR) 


3TpC-175* 


3TpC-120* 








10 


Td(DS)A 


TpC-55 


TpC-40 








11 


TdDS(AS) 


TpC-55 


TpC-30 








12 


- TdRVW(AS) 


Tr-iP 7R 


T r P RR 


















13 


TdDS(R/W) 


TpC-65 


TpC-50 








14 


TdDW(DSW) 


TpC-75 


TpC-50 








15 


TdDS(DW) 


TpC-55 


TpC-40 








16 


TdA(DR) 


5TpC-215* 


5TpC-160* 








17 


TdAS(DS) 


TpC-45 


TpC-30 







* Add 2TpC when using extended memory timing 
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ORDERING INFORMATION 



Z8MCU,4KROM,8.0MHz 
40-pin DIP 44-pin PCC 

Z8611PS Z8611VSt 

Z861 1 CS 

Z861 1 PE 

Z8611CE 

Z8611 CM* 

Z8 MCU, 4K ROM, 12.0 MHz 
40-pin DIP 44-pin PCC 

Z8611-12PS Z8611-12VSf 

Z8611-12CS 

Z8 MCU, 4K XROM, 8.0 MHz 
64-pin DIP 68-pin PCC 

Z8612PS Z8612VSf 

Z8612CE 



Z8 MCU, 4K XROM, 1 2.0 MHz 
64-pin DIP 68-pin PCC 

Z8612-12PS Z8612-12VSf 

Z8 MCU, 4K XROM, 8.0 MHz 
40-pin Protopack 

Z8613RS 
Z8613RE 
Z8613TSf 

Z8 MCU, 4KXROM, 12.0 MHz 
40-pin Protopack 

Z8613-12RS 
Z8613-12TSf 



Codes 



First letter is for package; second letter is for temperature. 



= Ceramic DIP 
= Plastic DIP 
= Ceramic LCC 
= Plastic PCC 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 



TEMPERATURE 
S = 0°Cto +70°C 
E = -40°Cto+85°C 
M*= -55°Cto+125°C 



FLOW 

B = 883 Class B 



Example: PS is a plastic DIP, 0°C to + 70°C. 

fAvailable soon. 

*For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 
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Interpreter 
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FEATURES 

■ The Z8671 MCU is a complete microcomputer 
preprogrammed with a BASIC/Debug interpreter. 
Interaction between the interpreter and its user is 
provided through an on-board UART. 

■ BASIC/Debug can directly address the Z8671's internal 
registers and all external memory. It provides quick 
examination and modification of any external memory 
location or I/O port. 



The BASIC/Debug interpreter can call machine 
language subroutines to increase execution speed. 

The Z8671's auto start-up capability allows a program to 
be executed on power-up or Reset without operator 
intervention. 

Single + 5V power supply— all I/O pins TTL-compatible. 

8 MHz 



M 
00 

3 

§ 



GENERAL DESCRIPTION 



The Z8671 Single-Chip Microcomputer (MCU) is one of a 
line of preprogrammed chips— in this case with a 
BASIC/Debug interpreter in ROM— offered by Zilog. As a 
member of the Z8 Family of microcomputers, it offers the 
same abundance of resources as the other Z8 
microcomputers. 



Because the BASIC/Debug interpreter is already part of the 
chip circuit, programming is made much easier. The Z8671 
MCU thus offers a combination of software and hardware 
that is ideal for many industrial control applications. The 
Z8671 MCU allows fast hardware tests and bit-by-bit 
examination and modification of memory location, I/O ports, 



TIMING 

AND 

CONTROL 



PORTO 

(NIBBLE 
PROGRAMMABLE) 

I/O or A 8 -A 15 



PORT 1 

I/O OR AD0-AD7 



RESET 

R/W 

DS 

AS 

P0 

PO1 

P0 2 

P0 3 

P0 4 

P0 5 

P0 6 

PO7 

P1o 



+ 5V 
GND 
XTAL1 
XTAL2 
P2o 
P2i 
P2 2 
P2 3 



Z8671 
MCU 



p h 



P3 
P3 1 
P3 2 
P3 3 
P3 4 
P3 5 
P3 6 
P3 7 



PORT 2 

(BIT PRO- 
GRAMMABLE) 

I/O 



PORT 3 

SERIAL AND 
PARALLEL I/O 
AND CONTROL 



+ 5V 


c 


1 ^ 


40 


1 P3e 


XTAL2 


c 


2 


39 


3 P3 i 


XTAL1 


c 


3 


38 


J P2 7 


P3 7 


L 


4 


37 


J P2 6 


P3 


L 


5 


36 


1 P2 5 


RESET 


C 


6 


35 


3 P2 4 


R/W 


C 




34 


]P2 3 


DS 


c 


8 


33 


J P2 2 


AS 


c 


9 


32 


J P2i 


P3 5 


C 


10 Z8671 


31 


3 P2 o 


GND 


L 


11 " cu 


30 


]P3 3 


P3 2 


L 


12 


29 


U P3 4 


P0 


C 


13 


28 


]ad 7 


P0, 


L 


14 


27 


Uad 6 


P0 2 


L 


15 


26 


I]ad 5 


P0 3 


L 


16 


25 


Had 4 


P0 4 


C 


17 


24 


]ad 3 


P0 5 


C 


18 


23 


2 AD 2 


P0 6 


c 


19 


22 


D AD1 


PO7 


L 


20 


21 


D ADo 



Figure 1 . Pin Functions 



Figure 2a. 40-pin Dual-ln-Line Package (DIP), 
Pin Assignments 
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or registers. It also allows bit manipulation and logical 
operations. A self-contained line editor supports interactive 
debugging, further speeding up program development. 

The BASIC/Debug interpreter, a subset of Dartmouth 
BASIC, operates with three kinds of memory; on-chip 
registers and external ROM or RAM. The BASIC/Debug 
interpreter is located in the 2K bytes of on-chip ROM. 

Additional features of the Z8671 MCU include the ability to 
call machine language subroutines to increase execution 
speed and the ability to have a program execute on 
power-up or Reset, without operator intervention. 

Maximum memory addressing capabilities include 62K 
bytes of external program memory and 62K bytes of data 
memory with program storage beginning at location 800h- 
This provides up to 124K bytes of useable memory space. 
Very few 8-bit microcomputers can directly access this 
amount of memory. 

Each Z8671 Microcomputer has 32 I/O lines, a 144-byte 
register file, an on-board UART, and two counter/timers. 



^ 4*4*-&£'£ 4*4*4*4*4* 



c~* 


5 4 3 2 1 44 43 42 41 40 \ 




RESET 
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NC 
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D§ 
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AS 


10 
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13 


Z8671 
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33 
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14 




32 
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15 
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Figure 2b. 44-pin Chip Carrier, 
Pin Assignments 
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Figure 3. Functional Block Diagram 
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ARCHITECTURE 



Z8671 architecture is characterized by a flexible I/O 
scheme, an efficient register and address space structure, 
and a number of ancillary features that are helpful in many 
applications. 

Microcomputer applications demand powerful I/O 
capabilities. The Z8671 fulfills this with 32 pins dedicated to 
input and output. These lines are grouped into four ports of 
eight lines each and are configurable under software control 
to provide timing, status signals, serial or parallel I/O with or 
without handshake, and an address/data bus for interfacing 
external memory. 

Because the multiplexed address/data bus is merged with 
the l/O-oriented ports, the Z8671 can assume many 
different memory and I/O configurations. These 
configurations range from a self-contained microcomputer 



to a microprocessor that can address 1 24K bytes of external 
memory. 

Three basic address spaces are available to support this 
wide range of configurations: program memory (internal 
and external), data memory (external) and the register file 
(internal). The 144-byte random-access register file is 
composed of 124 general-purpose registers, four I/O port 
registers, and 1 6 control and status registers. 

To unburden the program from coping with real-time 
problems such as serial data communication and 
counting/timing, an asynchronous receiver/transmitter 
(UART) and two counter/timers with a large number of 
userselectable modes are offered on-chip. Hardware 
support for the UART is minimized because one of the 
on-chip timers supplies the bit rate. 



3 
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PIN DESCRIPTION 

AS. Address Strobe (output, active Low). Address Strobe is 
pulsed once at the beginning of each machine cycle. 
Addresses output via Port 1 for all external progra_m or data 
memory transfers are valid at the trailing edge of AS. Under 
program control, AS can be placed in the high-impedance 
state along with Ports and 1 , Data Strobe, and Read/Write. 

DS. Data Strobe (output, active Low). Data Strobe is 
activated once for each external memory transfer. 

PO0-PO7, PI0-PI7, P2 "P2 7 , P3 "P3 7 . I/O Port Lines 
(input/outputs, TTL-compatible). These 32 lines are divided 
into four 8-bit I/O ports that can be configured under 



program control for I/O or external memory interface. 



RESET. Reset (input, active Low). RESET initializes the 
Z8671. When RESET is deactivated, program execution 
begins from internal program location OOOCh- 

R/W. Read/Write (output). R/W is Low when the Z8671 is 
writing to external program or data memory. 

XTAL1, XTAL2. Crystal 1, Crystal 2 (time-base input and 
output). These pins connect a parallel-resonant crystal (8 
MHz maximum) or an external single-phase clock (8 MHz 
maximum) to the on-chip clock oscillator and buffer. 



ADDRESS SPACES 

Program Memory. The Z8671's 16-bit program counter 
can address 64K bytes of program memory space. 
Program memory consists of 2K bytes of internal ROM and 
up to 62K bytes of external ROM, EPROM, or RAM. The first 
12 bytes of program memory are reserved for interrupt 
vectors (Figure 4). These locations contain six 1 6-bit vectors 
that correspond to the six available interrupts. The 
BASIC/Debug interpreter is located in the 2K bytes of 
internal ROM. The interpreter begins at address 12 and 
extends to 2047. 



2048 
2047 



Location of 
first byte of 

instruction v 
executed 

after reset 



Interrupt 
Vector v 
(Lower Byte) 



Interrupt 
Vector y 
(Upper Byte) 



EXTERNAL 
ROM OR RAM 



ON-CHIP 
ROM 



. BASIC/ 
DEBUG 



Figure 4. Program Memory Map 
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Data Memory. The Z8671 can address up to 62K bytes of 
external data memory beginning at location 2048 (Figure 5). 
External data memory may be included with, or separated 
from, the external program memory space. DM, an optional 
I/O function that can be programmed to appear on pin P34, 
is used to distinguish data and program memory space. 

Register File. The 144-byte register file may be accessed 
by BASIC programs as memory locations 0-127 and 
240-255. The register file includes four I/O port registers 
(R0-R3), 124 general-purpose registers (R4-R127), and 16 
control and status registers (Figure 6). 

The BASIC/Debug Interpreter uses many of the general- 
purpose registers as pointers, scratch workspace, and 
internal variables. Consequently, these registers cannot be 
used by a machine language subroutine or other user 
programs. On power-up/Reset, BASIC/Debug searches for 
external RAM memory and checks for an auto start-up 
program. In a non-destructive method, memory is tested at 
relative location xxFDh- When BASIC/Debug discovers 
RAM in the system, it initializes the pointer registers to mark 
the boundaries between areas of memory that are assigned 
specific uses. The top page of RAM is allocated for the line 
buffer, variable storage, and the GOSUB stack. Figure 7a 



illustrates the contents of the general-purpose registers in 
theZ8671 system with external RAM. When BASIC/Debug 
tests memory and finds no RAM, it uses an internal stack 
and shares register space with the input line buffer and 
variables. Figure 7b illustrates the contents of the 
general-purpose registers in the Z8671 system without 
external RAM. 

Stacks. Either the internal register file or the external data 
memory can be used for the stack. A 16-bit Stack Pointer 
(R254 and R255) is used for the external stack, which can 
reside anywhere in data memory between location 2048 
and 65535. An 8-bit Stack Pointer (R255) is used for the 
internal stack that resides within the 124 general-purpose 
registers (R4-R1 27). 

Register Addressing. Z8671 instructions can directly or 
indirectly access registers with an 8-bit address field. The 
Z8671 also allows short 4-bit register addressing using the 
Register Pointer, which is one of the control registers. In the 
4-bit mode, the register file is divided into nine 
working-register groups, each group consisting of 16 
contiguous registers (Figure 8). The Register Pointer 
addresses the starting location of the active working- register 
group. 
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IDENTIFIERS 
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T1 
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TIMER MODE 
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Figure 5. Data Memory Map 



Figure 6. Control and Status Registers 
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Figure 7a. General-Purpose Registers with External RAM Figure 7b. General-Purpose Registers without External RAM 



255 
253 



THE UPPER NIBBLE OF THE REGISTER 
FILE ADDRESS PROVIDED BY THE 
REGISTER POINTER SPECIFIES THE 
ACTIVE WORKING-REGISTER GROUP. 



SPECIFIED WORKING- 
REGISTER GROUP 



THE LOWER 
NIBBLE OF 
THE REGISTER 
FILE ADDRESS 
- PROVIDED BY 
THE INSTRUCTION 
POINTS TO THE 
SPECIFIED 
REGISTER. 



Figure 8. The Register Pointer 
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PROGRAM EXECUTION 



Automatic Start-up. The Z8671 has an automatic start-up 
capability which allows a program stored in ROM to be 
executed without operator intervention. Automatic 
execution occurs on power-on or Reset when the program is 
stored at address 1 020h- 

Execution Modes. The Z8671's BASIC/Debug Interpreter 
operates in two execution modes: Run and Immediate. 



Programs are edited and interactively debugged in the 
Immediate mode. Some BASIC/Debug commands are 
used almost exclusively in this mode. The Run mode is 
entered from the Immediate mode by entering the 
command RUN If there is a program in RAM, it is executed. 
The system returns to the Immediate mode when program 
execution is complete or interrupted by an error. 



INTERACTIVE DEBUGGING 

Interactive debugging is accomplished with the self- 
contained line editor which operates in the Immediate 
mode. In addition to changing program lines, the editor can 
correct an immediate command before it is executed. It also 
allows the correction of typing and other errors as a program 
is entered. 

BASIC/Debug allows interruptions and changes during a 



program run to correct errors and add new instructions 
without disturbing the sequential execution of the program. 
A program run is interrupted with the use of the escape key. 
The run is restarted with a GOTO command, followed by the 
appropriate line number, after the desired changes are 
entered. The same procedure is used to enter corrections 
after BASIC/Debug returns an error. 



COMMANDS 



BASIC/Debug recognizes 15 command keywords. For 
detailed instructions of command usage, refer to the 
BASIC/Debug Software Reference Manual (#03-31 49-02). 

FO The GO command unconditionally branches 

to a machine language subroutine. This 
statement is similar to the USR function 
except that no value is returned by the 
assembly language routine. 

GOSUB GOSUB unconditionally branches to a 
subroutine at a line number specified by the 
user. 

GOTO GOTO unconditionally changes the se- 

quence of program execution (branches to a 
line number). 

IF/THEN This command is used for conditional 
operations and branches. 

INPUT/IN These commands request information from 
the user with the prompt "?", then read the 
input values (which must be separated by 
commas) from the keyboard, and store them 
in the indicated variables. INPUT discards 
any values remaining in the buffer from 
previous IN, INPUT, or RUN statements, and 
requests new data from the operator. IN uses 



any values left in the buffer first, then requests 
new data. 

LET LET assigns the value of an expression to a 

variable or memory location. 

LIST This command is used in the interactive mode 

to generate a listing of program lines stored in 
memory on the terminal device. 

NEW The NEW command resets pointer R 10-1 1 to 

the beginning of user memory, thereby 
marking the space as empty and ready to 
store a new program. 

PRINT PRINT lists its arguments, which may be text 

messages or numerical values, on the output 
terminal. 

REM This command is used to insert explanatory 

messages into the program. 

RETURN This command returns control to the line 
following a GOSUB statement. 

RUN RUN initiates sequential execution of all 

instructions in the current program. 

STOP STOP ends program execution and clears the 

GOSUB stack. 
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FUNCTIONS 



BASIC/Debug supports two functions: AND and USR. 

The AND function performs a logical AND. It can be used to 
mask, turn off, or isolate bits. This function is used in the 
following format: 

AND (expression, expression) 

The two expressions are evaluated, and their bit patterns are 
ANDed together. If only one value is included in the 
parentheses, it is ANDed with itself. A logical OR can also be 
performed by complementing the AND function. This is 
accomplished by subtracting each expression from -1 . For 
example, the function below is equivalent to the OR of A 
andB. 

-1-AND(-1-A,-1-B) 



The USR function calls a machine language subroutine and 
returns a value. This is useful for applications in which a 
subroutine can be performed more quickly and efficiently in 
machine language than in BASIC/Debug. 

The address of the first instruction of the subroutine is the 
first argument of the USR function. The address can be 
followed by one or two values to be processed by the 
subroutine. In the following example, BASIC/Debug 
executes the subroutine located at address 2000 using 
values literal 256 and variable C. 

USR(°/o2000,256,C) 

The resulting value is stored in Registers 18-19. 
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SERIAL INPUT/OUTPUT 



Port 3 lines P3o and P3 7 can be programmed as serial I/O 
lines for full-duplex serial asynchronous receiver/transmitter 
operation. The bit rate is controlled by Counter/Timer 0, with 
a maximum rate of 62.5K bits/second. 

The Z8671 automatically adds a start bit and two stop bits to 
transmitted data (Figure 9). Odd parity is also available as an 
option. Eight data bits are always transmitted, regardless of 



parity selection. If parity is enabled, the eighth data bit is 
used as the odd parity bit. An interrupt request (IRQ4) is 
generated on all transmitted characters. 

Received data must have a start bit, eight data bits, and at 
least one stop bit. If parity is on, bit 7 of the received data is 
replaced by a parity error flag. Received characters 
generate the IRQ3 interrupt request. 



3 



|sp 


sp|d 7 |d 6 |d 5 |d 4 


d 3 |d 2 | d^DoIstI 












L 









TRANSMITTED DATA 
(No Parity) 



START BIT 
EIGHT DATA BITS 
TWO STOP BITS 



P | D 7 | D 6 | D 5 | D 4 


DsIdzIdJdoIstI 








L 







RECEIVED DATA 
(No Parity) 



START BIT 
EIGHT DATA BITS 
ONE STOP BIT 



|SP 


SP| P | D 6 | D s | D 4 1 D 3 | D 2 | D 1 | D 1 ST| 












L 















-START BIT 
-SEVEN DATA BITS 
-ODD PARITY 
-TWO STOP BITS 



| SP | P | D 6 | D 5 | D 4 | D 3 | D 2 | D 1 1 D 1 ST | 

L 



START BIT 
SEVEN DATA BITS 
PARITY ERROR FLAG 
ONE STOP BIT 



TRANSMITTED DATA 
(With Parity) 



RECEIVED DATA 
(With Parity) 



Figure 9. Serial Data Formats 
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I/O PORTS 



The Z8671 has 32 lines dedicated to input and output. 
These lines are grouped into four ports of eight lines each 
and are configurable as input, output or address/data. 
Under software control, the ports can be programmed to 
provide address outputs, timing, status signals, serial I/O, 
and parallel I/O with or without handshake. All ports have 
active pull-ups and pull-downs compatible with TTL loads. 

Port 1 can be programmed as a byte I/O port or as an 
address/data port for interfacing external memory. When 
used as an I/O port, Port 1 may be placed under handshake 
control. In this configuration, Port 3 lines P3 3 and P34 are 
used as the handshake controls RDY1 and DAV1 (Ready 
and Data Available). 

Memory locations greater than 2048 are referenced 
through Port 1 . To interface external memory, Port 1 must be 
programmed for the multiplexed Address/Data mode. If 
more than 256 external locations are required, Port must 
output the additional lines. 

Port 1 canbe placed in the_high-impedance state along with 
Port 0, AS, DS and R/W, allowing the Z8671 to share 
common resources in multiprocessor and DMA 
applications. Data transfers can be controlled by assigning 
P33 as a Bus Acknowledge input and P34 as a Bus Request 
output. 

Port can be programmed as a nibble I/O port, or as an 
address port for interfacing external memory. When used as 
an I/O port, Port may be placed under handshake control. 
In this configuration, P ort 3 li nes P32 and P3s are used as 
the handshake controls DAVO and RDYO. Handshake signal 
assignment is dictated by the I/O direction of the upper 
nibble PO4-PO7. 



For external memory references, Port can provide address 
bits A 8 -Ai 1 (lower nibble) or As-A 15 (lower and upper nibble) 
depending on the required address space. If the address 
range requires 1 2 bits or less, the upper nibble of Port can 
be programmed independently as I/O while the lower nibble 
is used for addressing. When Port nibbles are defined as 
address bits, they can be set to the high-impedance state 
along with Port 1 and the control signals AS, DS and R/W. 

Port 2 bits can be programmed independently as input or 
output. The port is always available for I/O operations. In 
addition, Port 2 can be configured to provide open-drain 
outputs. 

Like Ports and 1, Port 2 may also be placed under 
handshake control. In this configuration, Port 3 lines P3i 
and P3 6 are used as the handshake controls lines DAV2 and 
RDY2. The handshake signal assignment for Port 3 lines 
P3i and P36 is dictated by the direction (input or output) 
assigned to bit 7 of Port 2. 

Port 3 lines can be configured as I/O or control lines. In 
either case, the direction of the eight lines is fixed as four 
input (P3 -P3 3 ) and four output (P3 4 -P3 7 ). For serial I/O, 
lines P3o and P37 are programmed as serial in and serial out 
respectively. 

Port 3 can also provide the follow ing control functions: 
handshake for Ports 0, 1 and 2 (DAV and RDY); four external 
interrupt request signals (IRQ0-IRQ3); timer input and 
output signals (Tin and Tout) and Data Memory Select 
(DM). 



Z8671 
MCU 



A—A PORT 1 

V a J (I/O OR AD0-AD7) PI0-PI7 



. HANDSHAKE CONTROLS 
\ DAV1 AND RDY1 
' (P3 3 ANDP3 4 ) 



Z8671 
MCU 



PORT 2(1/0) 



, 1 HAND SHAKE CONTROLS 
} DAV2ANDRDY2 
> (P1 3 ANDP3 6 ) 



Figure 10a. Port 1 



Figure 10c. Port 2 



Z8671 
MCU 



C4i 1 

N V I PO4-PO7 I PORT O 

A k f PO0-PO3 f<l/OORA 8 -Ai5) 

W J J 

v HANDSHAKE CONTROLS 

_ } DAVO AND RDYO 
"*" ' (P3 2 AND P3 5 ) 













* 
* 










Z8671 




MCU 













(I/O OR CONTROL) 



Figure 10b. PortO 



Figure 10d. Port 3 
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COUNTER/TIMERS 



TheZ8671 contains two 8-bit programmable counter/timers 
(TO and T1), each driven by its own 6-bit programmable 
prescaler. The T1 prescaler can be driven by internal or 
external clock sources; however, the TO prescaler is driven 
by the internal clock only. 

The 6-bit prescalers can divide the input frequency of the 
clock source by any number from 1 to 64. Each prescaler 
drives its counter, which decrements the value (1 to 256) that 
has been loaded into the counter. When the counter reaches 
the end of count, a timer interrupt request— IRQ4 (T ) or 
IRQ5 (T-|) — is generated. 

The counters can be started, stopped, restarted to continue, 
or restarted from the initial value. The counters can also be 
programmed to stop upon reaching zero (single-pass 



mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). The 
counters, but not the prescalers, can be read any time 
without disturbing their value or count mode. 

The clock source for T1 is user-definable; it can be either the 
internal microprocessor clock (4 MHz maximum) divided by 
four, or an external signal input via Port 3. The Timer Mode 
register configures the external timer input as an external 
clock, a trigger input that can be retriggerable or 
nonretriggerable, or as a gate input for the internal clock. 
The counter/timers can be programmably cascaded by 
connecting the TO output to the input of T1 . Port 3 line P36 
also serves as a timer output (Tout) through which TO, T1 or 
the internal clock can be output. 



INTERRUPTS 

The Z8671 allows six different interrupts from eight sources: 
the four Port 3 lines P3 -P3 3 , Serial In, Serial Out, and the 
two counter/timers. These interrupts are both maskable and 
prioritized. The Interrupt Mask register globally or 
individually enables or disables the six interrupt requests. 
When more than one interrupt is pending, priorities are 
resolved by a programmable priority encoder that is 
controlled by the Interrupt Priority register. 

All Z8671 interrupts are vectored; however, the internal 
UART operates in a polling fashion. To accommodate a 
polled structure, any or all of the interrupt inputs can be 
masked and the Interrupt Request register polled to 
determine which of the interrupt requests needs service. 

The BASIC/Debug Interpreter does not process interrupts. 
Interrupts are vectored through locations in internal ROM 
which point to addresses 1000-101 1h- To process 



5 

interrupts, jump instructions can be entered to the interrupt 3 
handling routines at the appropriate addresses as shown in Q 
Table 1. ^ 

Table 1 . Interrupt Jump Instructions 



Hex 


Contains Jump Instruction and 


Address 


Subroutine Address for: 


1000-1002 


IRQ0 


1003-1005 


IRQ1 


1006-1008 


IRQ2 


1 009-1 00B 


IRQ3 


100C-100E 


IRQ4 


100F-1011 


IRQ5 
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CLOCK 

The on-chip oscillator has a high-gain, parallel-resonant 
amplifier for connection to a crystal or to any suitable 
external clock source (XTAL1 = Input, XTAL2 = Output). 

The crystal source is connected across XTAL1 and XTAL2, 
using the recommended capacitance (Cl = 15 pf 
maximum) from each pin to ground. The specifications for 
the crystal are as follows: 



AT cut, parallel resonant 
Fundamental type, 8 maximum 
Series resistance, R < 1 00 Q 
8 MHz maximum 



INSTRUCTION SET NOTATION 



Addressing Modes. The following notation is used to 
describe the addressing modes and instruction operations 
as shown in the instruction summary. 

IRR Indirect register pair or indirect working-register 

pair address 

Irr Indirect working-register pair only 

X Indexed address 

DA Direct address 

RA Relative address 

IM Immediate 

R Register or working-register address 

r Working-register address only 

IR Indirect-register or indirect working-register 

address 

Ir Indirect working-register address only 

RR Register pair or working register pair address 

Symbols. The following symbols are used in describing the 
instruction set. 

dst Destination location or contents 

src Source' location or contents 

cc Condition code (see list) 

@ I ndirect address prefix 

SP Stack pointer (control registers 254-255) 

PC Program counter 

FLAGS Flag register (control register 252) 

RP Register pointer (control register 253) 

IMR Interrupt mask register (control register 251) 



Assignment of a value is indicated by the symbol "9". For 
example, 

dst «- dst + src 

indicates that the source data is added to the destination 
data and the result is stored in the destination location. The 
notation "addr(n)" is used to refer to bit "n" of a given 
location. For example, 

dst (7) 

refers to bit 7 of the destination operand. 

Flags. Control Register R252 contains the following six 
flags: 

C 

z 
s 

V 
D 
H 



Carry flag 
Zero flag 
Sign flag 
Overflow flag 
Decimal-adjust flag 
Half-carry flag 

Affected flags are indicated by: 

Cleared to zero 

1 Set to one 

* Set or cleared according to operation 

— Unaffected 

X Undefined 



50 



CONDITION CODES 



Value 


Mnemonic 


Meaning 


Flags Set 




1000 




Always true 


— 




0111 


c 


Carry 


C = 1 




1111 


NC 


No carry 


C = 




0110 


Z 


Zero 


Z = 1 




1110 


NZ 


Not zero 


z = o 




1101 


PL 


Plus 


S = 




0101 


Ml 


Minus 


S = 1 




0100 


OV 


Overflow 


V = 1 




1100 


NOV 


No overflow 


V = 




0110 


EQ 


Equal 


Z= 1 




1110 


NE 


Not equal 


Z = 


N 

00 


1001 


GE 


Greater than or equal 


(S XOR V) = 


0001 


LT 


Less than 


(S XOR V) = 1 


0> 


1010 


GT 


Greater than 


[ZOR(SXORV)] = 


0010 


LE 


Less than or equal 


[ZOR(SXORV)] = 1 


3 


1111 


UGE 


Unsigned greater than or equal 


C = 


a 


0111 


ULT 


Unsigned less than 


C = 1 


1011 


UGT 


Unsigned greater than 


(C = 0ANDZ = 0) = 1 




0011 


ULE 


Unsigned less than or equal 


(C OR Z) - 1 




0000 




Never true 


— 






I 


OPC I CCF, Dl, El, IRET, NOP, 








I 


1 RCh Hbl.SCH 








dst | OPC | INCr 





ONE-BYTE INSTRUCTION 



OPC MODE 



OPC 


MODE 


dst 


src 



MODE 


OPC 


dst/src 


src/dst 



CLR, CPL, DA, DEC, 



PUSH, RL, RLC, RR, 
RRC, SRA, SWAP 



OR |1 1 1 0| dst | 



JP, CALL (Indirect) 



ADC, ADD, AND, 
CP, OR, SBC, SUB, 
TCM, TM, XOR 



LD, LDE, LDEI, 
LDC, LDCI 



OPC | MODE 



OPC MODE 



MODE OPC 



MODE 


OPC 


dst/src 


X 


ADDRESS 



OR 


1110 


src 


OR 


1110 


dst 


OR 




1 1 1 0| dst 




OR 


1110 


src 


OR 


1110 


dst 



ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 



ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 



dst/src OPC 



OR |1 1 1 0| src | 



dst/CC OPC 



DA U 



DA L 



TWO-BYTE INSTRUCTION 



THREE-BYTE INSTRUCTION 



Figure 1 1 . Instruction Formats 
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INSTRUCTION SUMMARY 



Instruction 
and Operation 


Addr Mode 
dst src 


Opcode 
Byte 
(Hex) 


Flags Affected 
C Z S V D H 


ADC dst.src 

dst *- dst + src + C 


(Notel) 


in 


* * * * * 


ADDdstsrc 
dst *- dst + src 


(Notel) 


on 


* * * * * 


AND dst, src 

dst *- dst AND src 


(Notel) 


5D 


— * * 


CALL dst 

SP-SP - 2 

c$SP - PC, PC — dst 


DA 
IRR 


D6 
D4 




CCF 

C ^ NOT C 




EF 


* 


CLR dst 

dst*-0 


R 
IR 


BO 
B1 




COM dst 

dst*- NOT dst 


R 
IR 


60 
61 


— * * 


CP dst, src 
dst - src 


(Notel) 


AD 


* * * * 


DA dst 

dst - DA dst 


R 
IR 


40 
41 


* * * X 


DEC dst 

dst «- dst - 1 


R 
IR 


00 
01 


— * * * 


DECW dst 

dst — dst - 1 


RR 
IR 


80 
81 


— * * * 


Dl 

IMR (7)«-0 




8F 





DJNZr.dst 

r*-r - 1 
ifr#0 

PC - PC + dst 
Range +127, -128 



RA 



El 

IMR(7)*- 1 



rA 
r = - F 

9F 



INC dst 


r 


rE 


- * * * 


dst - dst + 1 




r = - F 






R 


20 






IR 


21 





INCWdst RR 

dst*- dst + 1 IR 




AO 
A1 




— * * * 


IRET 

FLAGS *-@SP,SP-SP + 1 
PC «- @SP, SP *- SP + 2, IMR (7) 


< 


BF 
1 




****** 


JPccdst DA 
if cc is true 
PC*- dst IRR 


c 


cD 

= - 

30 


F 





Addr Mode Opcode Flags Affected 

Byte 

dst src (Hex) C Z S V D H 



Instruction 
and Operation 



JRcc.dst 
if cc is true, 

PC *- PC + dst 
Range +127, -128 



RA 



cB 
= - F 



LD dst, src 
dst *- src 



r 
r 
R 

r 

X 
r 
Ir 
R 
R 
R 
IR 
IR 



Im 
R 
r 

X 

r 
Ir 
r 

R 
IR 
IM 
IM 
R 



rC 
r8 
r9 
= - F 
C7 
D7 
E3 
F3 
E4 
E5 
E6 
E7 
F5 



LDC dst.src 
dst *- src 


r 
Irr 


Irr 
r 


C2 
D2 




LDCI dst.src 

dst *- src 

r*-r + 1; rr*-rr + 1 


Ir 

Irr 


Irr 
Ir 


C3 
D3 




LDE dst.src 

dst *- src 


r 
Irr 


Irr 
r 


82 
92 




LDEI dst.src 
dst *- src 

r *- r + 1 ; rr *- rr + 1 


Ir 

Irr 


Irr 
Ir 


83 
93 




NOP 






FF 




OR dst.src 

dst *- dst OR src 


(Note 


•1) 


4D 


— * * 


POP dst 

dst - @SP; 
SP*-SP + 1 


R 
IR 




50 
51 




PUSH src 

SP*-SP - 1,@SP-i 


src 


R 
IR 


70 
71 




RCF 

c*-o 






CF 





RET 

PC *- @SP; SP *- SP + 2 




AF 






R 
IR 




90 

91 




Hl-ast ^U^-flJ 


* * * * 




l R 
IR 




10 
11 




RLCdst I I 


* * * * 


L-lcJ- — I 7 °H 






IR 




EO 

E1 




"Rdst LreL^-^J 


* * * * 
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INSTRUCTION SUMMARY (Continued) 



Addr Mode 


Opcode 
Byte 
(Hex) 


Flags Affected 


Instruction 
and Operation 


dst src 


C Z S V D H 




R 
IR 


CO 
C1 




""c^Lm-^r-Tg 


* * * * 


SBC dst.src 

dst *- dst *- src +- C 


(Notel) 


3D 


* * * * 1 * 


SCF 

C-1 




DF 


1 




R 
IR 


DO 
D1 




SRAdst LE[S3 J 


* * * 


SRP src 

RP«-src 


Im 


31 




SUB dst.src 

dst «- dst *- src 


(Notel) 


2D 


* * * * 1 * 


SWAP dst , r~i 

|7 4|3 0| 


R 
IR 


FO 
F1 


X * * X 


1 * 




TCM dst, src 
(NOT dst) AND src 


(Notel) 


6D 


— * * 


TM dst, src 
dst AND src 


(Notel) 


7D 


— * * 



Instruction 
and Operation 


Addr Mode 


Opcode 
Byte 
(Hex) 


Flags Affected 


dst src 


C Z S V D H 


XOR dst, src 

dst *- dst XOR src 


(Notel) 


BD 


— * * 



NOTE' These instructions have an identical set of addressing modes, 
which are encoded for brevity. The first opcode nibble is found in 
the instruction set table above. The second nibble is expressed 
symbolically by a □ in this table, and its value is found in the 
following table to the left of the applicable addressing mode pair 

For example, the opcode of an ADC instruction using the 
addressing modes r (destination) and Ir (source) is 13 



Addr Mode 



dst 


src 


r 
r 


r 
Ir 


R 


R 


R 


IR 


R 


IM 


IR 


IM 



Lower 
Opcode Nibble 



s 
m 

E 

m 



N 

00 

3 

§ 



53 



REGISTERS 



R240 SIO 
Serial I/O Register 

(F0 H ; Read/Write) 

j D 7 [ D 6 1 D 5 1 D 4 | D 3 [ D 2 1 D, 1 D | 



- SERIAL DATA (D„ = LSB) 



R244 TO 
Counter/Timer Register 

(F4 H ; Read/Write) 



T INITIAL VALUE (WHEN WRITTEN) 

-(RANGE 1-256 DECIMAL 01-00 HEX) 

T CURRENT VALUE (WHEN READ) 



R241 TMR 
Time Mode Register 

(F1 H ; Read/Write) 



R245 PREO 
Prescaler Register 

(F5 H ; Write Only) 



T 0UT MODES 

NOT USED = 00 

T OUT = 01 

T, OUT « 10 

INTERNAL CLOCK OUT = 11 

T IN MODES 

EXTERNAL CLOCK INPUT = 00 

GATE INPUT x 01 

TRIGGER INPUT = 10 

(NON RETRIGGERABLE) 

TRIGGER INPUT = 11 
(RETRIGGERABLE) 



|o, 


6 |Ds 


d 4 |d 3 |d 2 |d,|d | 










L 



'7 1 Pe | ■>« 



= NO FUNCTION 
"1 = LOADT, 

= DISABLE T, COUNT 
1 = ENABLE T, COUNT 



D < |D,lD a |P 1 |Do| 



L COUNT MODE 
= T SINGLE-PASS 
1 - T MODULO-N 



-RESERVED (MUST BE 0) 



PRESCALER MODULO 
-(RANGE' 1-64 DECIMAL 
01-00 HEX) 



R242 T1 
Counter Timer 1 Register 

(F2 H , Read/Write) 

j P y | D, I D S | P 4 | D, | D, | D, [dH 



R246 P2M 
Port 2 Mode Register 

(F6 H ; Write Only) 

| D 7 1 D 6 | P 5 1 P 4 | P 3 | 2 j D, | D 1 



T, CURRENT VALUE (WHEN READ) 



P2 -P2 7 I/O DEFINITION 
- DEFINES BIT AS OUTPUT 
1 DEFINES BIT AS INPUT 



R243 PRE1 
Prescaler 1 Register 

(F3 H ; Write Only) 



| D 7 | D 6 j D 6 


d.IDjId^d^DoI 






L 



COUNT MODE 
1 = T, MODULO-N 
= T, SINGLE-PASS 

CLOCK SOURCE 
. 1 = T, INTERNAL 
= T, EXTERNAL 
TIMING INPUT 
(T IN ) MODE 

PRESCALER MODULO 
(RANGE 1-64 0ECIMAL 
01-00 HEX) 



R247 P3M 
Port 3 Mode Register 

(F7 H ; Write Only) 



|D T |D 6 |D 5 |P 4 



EHg 



Lo 



-RESERVED (MUST BE 0! 



P33 = INPUT P3 4 = OUTPUT 

~i 1} P33 = input P3 4 = era 

1 1 RESERVED 

P3i = INPUT (T IN ) P3e = OUTP UT (T o ut ) 

1 P3i = DAV2/RDY2 P3 6 = RDY2/OAV2 

P3o = INPUT P37 = OUTPUT 

1 P3o = SERIAL IN P3 7 = SERIAL OUT 



Figure 12. Control Registers 
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REGISTERS 

(Continued) 



R248P01M 
Port Register 

(F8h; Write Only) 



PO4-PO, MODE 
OUTPUT 
INPUT = 01 



IODE 

00 I 



EXTERNAL 
MEMORY TIMING - 
NORMAL = 
•EXTENDED = 1 



O3 | P2 I Pi I Do | 



T 



P0 -P0 3 MODE 

00 = OUTPUT 

01 = INPUT 
1X = A 8 -A„ 

STACK SELECTION 
- = EXTERNAL 
1 = INTERNAL 



- RESERVED (MUST BE 0) 



R252 FLAGS 
Flag Register 

(FC H , Read/Write) 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D,"^ 



Li 



USER FLAG F1 

USER FLAG F2 
-HALF CARRY FLAG 
-DECIMAL ADJUST FLAG 
-OVERFLOW FLAG 
-SIGN FLAG 
-ZERO FLAG 
-CARRY FLAG 



•ALWAYS EXTENDED TIMING AFTER RESET 



R249 IPR 
Interrupt Priority Register 

(F9h, Write Only) 



d 7 |d 6 |d 5 |d 4 |d 3 |d 2 |d 1 |d ] 



IR03, IRQS PRIORITY (GROUP A) 

= IRQ5 > IRQ3 ~ 

1 = IRQ3 > IR05 

IRQ0, IRQ2 PRIORITY (GROUP B) 

= IRQ2 > IRQ0 - 

1 = IRQ0 > IRQ2 



IR01, IRQ4 PRIORITY (GROUP C) 

= IRQ1 > IRQ4 - 

1 = IRQ4 > IRQ1 



INTERRUPT GROUP PRIORITY 




RESERVED = 000 




C > A > B = 001 


REGISTER 


• A > B > C = 010 


POINTER 



R253 RP 
Register Pointer 

(FD H ; Read/Write) 


N 

00 

*1 


| D 7 [ D 6 | D 5 | D 4 | D 3 j D 2 [ D, ] D | 


** 


J J 




I DON'T CARE 


s 

a 









R250 IRQ 
Interrupt Request Register 

(FA H ; Read/Write) 



R254 SPH 
Stack Pointer 

(FEh; Read/Write) 



{ D 7 | D 6 | D 5 | D 4 | D 3 | D 2 I D, | D | 
RESERVED (MUST BE 0) 1 I 



| D 7 j D 6 | D 5 | D 4 | D 3 | D 2 | D, | D 1 



IRQ0 = P3 2 INPUT (Do = IRQ0) 

IRQ1 = P3 3 INPUT 

IRQ2 = P3i INPUT 

IRQ3 = P3o INPUT, SERIAL INPUT 

IRQ4 = To, SERIAL OUTPUT 

IRQ5 = T1 



R251 IMR 
Interrupt Mask Register 

(FB H , Read/Write) 

{ D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | D | 



R255 SPL 
Stack Pointer 

(FF H , Read/Write) 

{0,10,10510,10,10,10,1001 



- RESERVED (MUST BE 0) 
-1 ENABLES INTERRUPTS 



Figure 12. Control Registers (Continued) 
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OPCODE MAP 



Lower Nibble (Hex) 
7 8 9 



65 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


6,5 


6,5 


12/10,5 


12/10,0 


6,5 


12/10,0 


6,5 




DEC 


DEC 


ADD 


ADD 


ADD 


ADD 


ADD 


ADD 


LD 


LD 


DJNZ 


JR 


LD 


JP 


INC 




Ri 


IR-I 


ri,r 2 


ri.lr 2 


R 2 .Ri 


IR 2 ,Ri 


R 1t IM 


irt.im 


n,R2 


'2.R1 


ri.RA 


cc.RA 


M.IM 


cc.DA 


r1 




6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 
































RLC 


RLC 


ADC 


ADC 


ADC 


ADC 


ADC 


ADC 
































Ri 


iRi 


•V2 


ri,lr 2 


R 2 .Ri 


IR2.R1 


RlIM 


IRlIM 
































6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




INC 


INC 


SUB 


SUB 


SUB 


SUB 


SUB 


SUB 
































Ri 


IRi 


ri.r 2 


ri,lr 2 


R2.R1 


IR2.R1 


R^IM 


IRlIM 
































8,0 


6,1. 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




JP 


SRP 


SBC 


SBC 


SBC 


SBC 


SBC 


SBC 
































IRRl 


IM 


ri,r 2 


n.ir 2 


R2.R1 


IR2.R1 


R 1t IM 


IRlIM 
































8,5 


8,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




DA 


DA 


OR 


OR 


OR 


OR 


OR 


OR 
































Ri 


IRi 


ru 2 


n.ir 2 


R2.R1 


IR 2 ,R 1 


RlIM 


IR1JM 
































10,5 


10,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




POP 


POP 


AND 


AND 


AND 


AND 


AND 


AND 
































Ri 


IRi 


"V2 


n.ir 2 


R2.R1 


IR2.R1 


RlIM 


IRlIM 
































6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




COM 


COM 


TCM 


TCM 


TCM 


TCM 


TCM 


TCM 
































Ri 


IRi 


ri,r 2 


r 1.l r 2 


R 2 ,Ri 


IR2.R1 


RlIM 


IR^IM 
































10/12,1 


12/14,1 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




PUSH 


PUSH 


TM 


TM 


TM 


TM 


TM 


TM 
































R 2 


IR 2 


•V2 


ri.lr 2 


R2.R1 


IR2.R1 


Rt.im 


IRl.lM 
































10,5 


10,5 


12,0 


18,0 










6,1 


DECW 


DECW 


LDE 


LDEI 






































Dl 


RRi 


IRi 


r-|,lrr 2 


lr-|,lrr 2 








































6,5 


6,5 


12,0 


18,0 










6,1 


RL 


RL 


LDE 


LDEI 






































El 


Ri 


IR-I 


r 2 ,lrr 1 


lr 2 ,lrr-| 








































10,5 


10,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


14,0 


INCW 


INCW 


CP 


CP 


CP 


CP 


CP 


CP 






























RET 


RRi 


IRi 


ri.r 2 


ri,lr 2 


R 2 ,Ri 


IR2.R1 


R 1t IM 


IR^IM 
































6.5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


16,0 


CLR 


CLR 


XOR 


XOR 


XOR 


XOR 


XOR 


XOR 






























IRET 


Ri 


IRi 


n r 2 


ri,lr 2 


R 2 ,R 1 


IR2.R1 


RlIM 


IRlIM 
































6,5 


6,5 


12,0 


18,0 








10,5 


6,5 


RRC 


RRC 


LDC 


LDCI 








LD 






























RCF 


Ri 


IRi 


ri.lrr 2 


lr-|,lrr 2 








ri,x,R 2 
































6,5 


6,5 


12,0 


18,0 


20,0 




20,0 


10,5 


6,5 


SRA 


SRA 


LDC 


LDCI 


CALL* 




CALL 


LD 






























SCF 


Ri 


IRi 


r 2 ,lr ri 


lr 2 ,lrr-| 


IRR 1 




DA 


r2.x,Ri 
































6,5 


6,5 




6,5 


10,5 


10,5 


10,5 


10,5 


6,5 


RR 


RR 




LD 


LD 


LD 


LD 


LD 






























CCF 


Ri 


IRi 




ri,IR 2 


R2.R1 


IR 2 ,Ri 


Ri.lM 


IRi.lM 
































85 


8,5 




6,5 




10,5 






6,0 


SWAP 


SWAP 




LD 




LD 


































NOP 


Ri 


IRi 




ln.r 2 




R 2 ,IRi 






^| 


J 


\ 


f 


\ 


J 


\ 


\ 


} 


\ 


} 


\ 


\ 


J 





Bytes per Instruction 



LOWER 
OPCODE 
NIBBLE 



EXECUTION 
CYCLES 



W 



PIPELINE 
CYCLES 



UPPER 

OPCODE - 

NIBBLE 



10,5 
CP 

R2.R1 



FIRST 
OPERAND 



A^ 



SECOND 
OPERAND 



Legend: 

R = 8-bit address 
r = 4-bit address 
R-i orr-i = Dst address 
R 2 or r 2 = Src address 

Sequence: 

Opcode, First Operand, Second Operand 

NOTE The blank areas are not defined 



*2 byte instruction fetch cycle appears as a 3-byte instruction 
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ABSOLUTE MAXIMUM RATINGS 



Voltages on all pins with respect 

toGND -0.3V to +7.0V 

Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°Cto +150°C 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above those indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



STANDARD TEST CONDITIONS 



The DC characteristics listed below apply for the following 
standard test conditions, unless otherwise noted. All 
voltages are referenced to GND. Positive current flows into 
the referenced pin. 

Standard conditions are: 

■ + 4.75V <V CC < + 5.25V 

■ GND = 0V 

■ 0°C<T A < +70°C 



The Ordering Information section lists package temperature 
ranges and product numbers. Package drawings are in the 
Package Information section. Refer to the Literature List for 
additional documentation. 



+5V +5V 



FROM OUTPUT . 
UNDER TEST V 



p«* ©3? 




FROM OUTPUT c 
UNDER TEST 



50 pf 5fc 




74LS04 | 74LS04 

CLOCK f Sn 

IN \?°^ 



H>- 



T 



1 
I 



C L = 15pfMAX 



C L = 15pfMAX 



Figure 13. Test Load 1 



Figure 14. Test Load 2 



Figure 15. TTL External Clock Interface Circuit 
(Both the clock and its complement are required) 



DC CHARACTERISTICS 


Symbol 


Parameter 


Min 


Max 


Unit 


Condition 


VCH 


Clock Input High Voltage 


3.8 


v C c 


V 


Driven by External Clock Generator 


V C L 


Clock Input Low Voltage 


-0.3 


0.8 


V 


Driven by External Clock Generator 


V|H 


Input High Voltage 


2.0 


v C c 


V 




V|L 


Input Low Voltage 


-0.3 


0.8 


V 




Vrh 


Resel Input High Voltage 


3.8 


v C c 


V 




Vrl 


Reset Input Low Voltage 


-0.3 


0.8 


V 




VOH 


Output High Voltage 


2.4 




V 


I h= -250/iA 


Vol 


Output Low Voltage 




0.4 


V 


'OL = +2 mA 


in- 


Input Leakage 


-10 


10 


ma 


0V<V| N < + 5.25V 


to. 


Output Leakage 


-10 


10 


ma 


0V<V| N < + 5.25V 


I|R 


Reset Input Current 




-50 


ma 


V C c= + 5.25V,V RL = 0V 


ice 


V CC Supply Current 




180 


mA 
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X 



♦<g^ 



PORTO, 
DM 



X 



3; 



x 



«*<?>»> 



w" 



**-<§>-► 



DS 

(READ) 



DS 

(WRITE) 



)-A 7 " \ 



=®S 



<D- 



-® Jt 



-0- 



4 D0-D7 IN 



— ©I 



"©- 



/ 



x~^~x 



D0-D7 OUT 



N: 



-©- 



K=I 



I* 



K 



*«-©-► 



y 



Figure 16. External I/O or Memory Read/Write 



AC CHARACTERISTICS 

External I/O or Memory Read/Write Timing 



Z8671-8 



Number Symbol 



Parameter 



Max 



Notes*t° 



1 


TdA(AS) 


2 


TdAS(A) 


3 


TdAS(DR) 


4 


TwAS 


5 


TdAz(DS) 


6 


TwDSR 


7 


TwDSW 


8 


TdDSR(DR) 


9 


ThDR(DS) 


10 


TdDS(A) 


11 


TdDS(AS) 


12 


TdR/W(AS) 


13 


TdDS(R/W) 


14 


TdDW(DSW) 


15 


TdDS(DW) 


16 


TdA(DR) 


17 


TdAS(DS) 



Address Valid to AS t Delay 

AS t to Address Float Delay 

AS t to Read Data Required Valid 

AS Low Width 

Address Float to DS * 

DS (Read) Low Width 



50 
70 

80 



250 



360 



2,3 
2,3 
1,2,3 
2,3 

1,2,3 



DS (Write) Low Width 

DS I to Read Data Required Valid 

Read Data to DS t Hold Time 

DS t to Address Active Delay 

DSt to AS* Delay 

R/W Valid to AS t Delay 



160 



70 
70 
50 



200 



1,2,3 
1,2,3 

2,3 
2,3 
2,3 



DSt to R/W Not Valid 60 

Write Data Valid to DS (Write) I Delay 50 

DS t to Write Data Not Valid Delay 70 
Address Valid to Read Data Required Valid 

A§ttoDS*Delay 80 



410 



2,3 
2,3 
2,3 
1,2,3 
2,3 



NOTES: 

1 . When using extended memory timing add 2 TpC. 

2. Timing numbers given are for minimum TpC. 

3. See clock cycle time dependent characteristics table. 



* All units in nanoseconds (ns). 

t Test Load 1 

All timing references use 2.0V for a logic " 1 " and 0.8V for a logic "0". 
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Tin 



iRQn 



O — -Q>"»| 

OH *•- ©■*- 2: 

— WTV_ 

- © -I 




Figure 17. Additional Timing 



AC CHARACTERISTICS 

Additional Timing 



Number Symbol 



Parameter 



Z8671-8 
Min Max 



Notes* 



1 


TpC 


Input Clock Period 


125 


1000 


1 


m 


2 


TrC.TfC 


Clock Input Rise and Fall Times 




25 


1 


s 


3 


TwC 


Input Clock Width 


37 




1 




4 


TwTinL 


Timer Input Low Width 


100 




2 




5 


TwTinH 


Timer Input High Width 


3TpC 




2 




6 


TpTin 


Timer Input Period 


8TpC 




2 




7 


TrTin.TfTin 


Timer Input Rise and Fall Times 




100 


2 




8a 


TwIL 


Interrupt Request Input Low Time 


100 




2,3 




8b 


TwIL 


Interrupt Request Input Low Time 


3TpC 




2,4 




9 


TwIH 


Interrupt Request Input High Time 


3TpC 




2,3 





NOTES: 




1 . Clock timing references use 3 8V for a logic " 1 " and 0.8V for a logic "0" 


4 Interrupt request via Port 3, P3q 


2. Timing references use 2.0V for a logic "1 " and 8V for a logic "0". 


* Units in nanoseconds (ns). 


3. Interrupt request via Port 3, P3-|-P33. 





A0-A10 



D0-D7 



X 



ADDRESS VALID 



-©- 



DC 



X 



DATA IN VALID 



:c 





Figure 18. Memory Port Timing 






AC CHARACTERISTICS 

Memory Port Timing 


Number Symbol 


Parameter 


Z8671-8 
Min Max 


Notes* 


1 TdA(DI) 

2 ThDI(A) 


Address Valid to Data Input Delay 
Data In Hold Time 


460 



1,2 
1 



NOTES- 

1 Test Load 2 

2. This is a Clock-Cycle-Dependent parameter. For clock frequencies 

other than the maximum, use the following formula - 

Z8671 =5 TpC- 165 



* Units are in nanoseconds unless otherwise specified. 
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DAV 

(INPUT) 



RDY 

(OUTPUT) 



O- 



DATA IN VALID 



V 



-®- 



®- 



\ 



if 



-©- 



f 



Figure 18a. Input Handshake 



DATA OUT 



DAV 

(OUTPUT) 



RDY 

(INPUT) 



X 



\ 



DATA OUT VALID 



-©- 



X 



/ 



<D 



-®- 



r 



Figure 18b. Output Handshake 



AC CHARACTERISTICS 










Handshake Timing 
















Z8671-S 






Number 


Symbol 


Parameter 


Min 


Max 


Notes* 


1 


TsDI(DAV) 


Data In Setup Time 









2 


ThDI(DAV) 


Data In Hold Time 


230 






3 


TwDAV 


Data Available Width 


175 






4 


TdDAVIf(RDY) 


DM I Input to RDY I Delay 




175 


1,2 


5 


TdDAVOf(RDY) 


DAV 1 Output to RDY 1 Delay 







1,3 


6 


TdDAVIr(RDY) 


DAVt Input to RDY t Delay 




175 


1,2 


7 


TdDAVOr(RDY) 


DAv 7 1 Output to RDY t Delay 







1,3 


8 


TdDO(DAV) 


Data Out to LWI Delay 


50 




1 


9 


TdRDY(DAV) 


Rdy I Input to LW t Delay 





200 


1 



NOTES: 






1 Test load 1 


* All timing references use 2.0V for a logic " 


"and 0.8V for a logic "0". 


2. Input handshake 


Units in nanoseconds (ns). 




3. Output handshake 







CLOCK CYCLE TIME-DEPENDENT CHARACTERISTICS 



Number 



Symbol 



Z8671-8 
Equation 



Number 



Symbol 



Z8671-8 
Equation 



TdA(AS) 

TdAS(A) 

TdAS(DR) 

TwAS 

TwDSR 



TpC - 75 
TpC - 55 

4TpC - 140* 
TpC - 45 

3TpC - 125* 



13 
14 
15 
16 
17 



TdDS(R/W) 

TdDW(DSW) 

TdDS(DW) 

TdA(DR) 

TdAS(DS) 



TpC - 65 
TpC - 75 
TpC - 55 
5TpC -215* 
TpC - 45 



7 
8 

10 
11 
12 



TwDSW 

TdDSR(DR) 

Td(DS)A 

TdDS(AS) 

TdR/W(AS) 



2TpC-90* 

3TpC - 175* 

TpC - 55 

TpC - 55 

TpC - 75 



* Add 2TpC when using extended memory timing 
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ORDERING INFORMATION 

Z8 MCU with BASIC/Debug Interpreter, 8.0 MHz 
40-pin DIP 44-pin PCC 

Z8671 PS Z8671 VSf 

Z8671 CS 

Z8671 PE 

Z8671 CE 

Z8671CM* 



Codes 

First letter is for package; second letter is for temperature. 

C = Ceramic DIP 

P = Plastic DIP 

L = Ceramic LCC 

V = Plastic PCC 



TEMPERATURE 
S =0°Cto+70°C 
E = -40°Cto+85°C 
M*= -55°Cto+125°C 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 

FLOW 

B = 883 Class B 



0» 

a 



Example: PS is a plastic DIR 0°C to + 70°C. 

t Available soon. 

*For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 



61 



Z8 Z8681/82 
ROMless Microcomputer 



Zilog 



Product 
Specification 



April 1985 



FEATURES 

■ Complete microcomputer, 24 I/O lines, and up to 64K 
bytes of addressable external space each for program 
and data memory. 

■ 143-byte register file, including 124 general-purpose 
registers, 3 I/O port registers, and 1 6 status and control 
registers. 

■ Vectored, priority interrupts for I/O, counter/timers, and 
UART. 

■ On-chip oscillator that accepts crystal or external clock 
drive. 



Full-duplex UART and two programmable 8-bit 
counter/timers, each with a 6-bit programmable 
prescaler. 

Register Pointer so that short, fast instructions can 
access any one of the nine working-register groups. 

Single + 5V power supply— all I/O pins TTL compatible. 

Z8681/82 available in 8 MHz. Z8681 also available in 12 
MHz. 



GENERAL DESCRIPTION 



The Z8681 and Z8682 are ROMless versions of the Z8 
single-chip microcomputer. The Z8682 is usually more cost 
effective. These products differ only slightly and can be 
used interchangeably with proper system design to provide 
maximum flexibility in meeting price and delivery needs. 



The Z8681/82 offers all the outstanding features of the Z8 
family architecture except an on-chip program ROM. Use of 
external memory rather than a preprogrammed ROM 
enables this Z8 microcomputer to be used in low volume 
applications or where code flexibility is required. 



TIMING 
AND ! 
CONTROL 



PORTO 

(NIBBLE 
PROGRAMMABLE) 

I/O OR A 8 -A- 



PORT 1 

(BYTE 
PROGRAMMABLE) 

AD -AD 7 



RESET 

R/W 

DS 

AS 

P0 

PO1 

P0 2 

P0 3 

PO4 



+ 5V 

GND 

XTAL1 

XTAL2 

P2o 

P2i 

P2 2 

P2 3 

P2 4 



P °5Z8681/82 P2s 

P0 6 MCU P2 6 

P0 7 P2 7 

P1 P3o 

P1, P3i 

P1 2 P32 

P1 3 P3 3 

P1 4 P3 4 

P1 5 P3 5 

P1 6 P3e 

PI/ P3 7 



PORT 2 

(BIT PRO- 
GRAMMABLE) 

I/O 



PORT 3 

SERIAL AND 
PARALLEL I/O 
AND CONTROL 









Ky 




+ 5V 


L 


1 


W 40 


JP3 6 


XTAL2 


L 


2 


39 


]P3i 


XTAL1 


C 


3 


38 


]P2 7 


P3 7 


C 


4 


37 


3 P2 6 


P3 


C 


5 


36 


3P2 5 


RESET 


C 


6 


35 


]P2 4 


R/W 


C 


7 


34 


3P2 3 


DS 


C 


8 


33 


3 P2 2 


AS 


C 


9 


32 


3 P2i 


P3 5 


L 


10 


Z8681/82 31 


]P2 


GND 


C 


" 


MCU 30 


]P3 3 


P3 2 


C 


12 


29 


]P3 4 


P0 


C 


13 


28 


DP1r 


PO, 


C 


14 


27 


3P1 6 


P0 2 


C 


15 


26 


DP1s 


P0 3 


C 


16 


25 


1"< 


P0 4 


C 


17 


24 


1pi 3 


P0 5 


L 


18 


23 


1 P1a 


P0 6 


C 


19 


22 


jMi 


P0 7 


c 


20 


21 


3 pi 



Figure 1 . Pin Functions 



Figure 2a. 40-pin Dual-ln-Line Package (DIP), 
Pin Assignments 
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The Z8681/82 can provide up to 16 output address lines, 
thus permitting an address space of up to 64 K bytes of data 
or program memory. Eight address outputs (AD0-AD7) are 
provided by a multiplexed, 8-bit, Address/Data bus. The 
remaining 8 bits can be provided by the software 
configuration of Port to output address bits A8-A15. 

Available address space can be doubled (up to 128K bytes 
for the Z8681 and 124K bytes for the Z8682) by 
programming bit 4 of Port 3 (P3 4 ) to act as a data memory 
select output (DM). The two states of DM together with the 
16 address outputs can define separate data and memory 
address spaces of up to 64K/62Kbytes each. 



There are 1 43 bytes of RAM located on-chip and organized 
as a register file of 1 24 general-purpose registers, 1 6 control 
and status registers, and three I/O port registers. This 
register file can be divided into nine groups of 16 working 
registers each. Configuring the register file in this manner 
allows the use of short format instructions; in addition, any of 
the individual registers can be accessed directly. 

The pin functions and the pin assignments of the Z8681/82 
40-pin package are illustrated in Figures 1 and 2, 
respectively. 



RESET 


7 


R/W 


8 


DS 


9 


A3 


10 


P3 5 


11 


GND 


12 


P3 2 


13 


POo 


14 


PO1 


15 


P0 2 


16 


NC 


17 



6 5 4 3 2 1 44 43 42 41 40 N 



Z8681 
MCU 



39 


NC 


38 


P2 4 


37 


P2 3 


36 


P2 2 


35 


P2i 


34 


P2o 


33 


P3 3 


32 


P3 4 


31 


P1? 


30 


P16 


29 


P15 



_ 18 19 20 21 22 23 24 25 26 27 28 

«*V V 4* 4* « N * « NN V s W* *° 

Figure 2b. 44-pin Chip Carrier, 
Pin Assignments 



OUTPUT INPUT 



Vcc GND 



XTAL AS DS R/W RESET 

tl t t t I 




(BIT PROGRAMMABLE) 



ADDRESS OR I/O 
(NIBBLE PROGRAMMABLE) 



ADDRESS/DATA OR I/O 
(BYTE PROGRAMMABLE) 



ZBUS WHEN USED AS 
ADDRESS/DATA BUS 



Figure 3. Functional Block Diagram 
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2194-003,004 



ARCHITECTURE 



Z8681/82 architecture is characterized by a flexible I/O 
scheme, an efficient register and address space structure 
and a number of ancillary features that are helpful in many 
applications. 

Microcomputer applications demand powerful I/O 
capabilities. The Z8681/82 fulfills this with 24 pins available 
for input and output. These lines are grouped into three 
ports of eight lines each and are configurable under 
software control to provide timing, status signals, serial or 
parallel I/O with or without handshake, and an Address bus 
for interfacing external memory. 

Three basic address spaces are available: program 



memory, data memory and the register file (internal). The 
143-byte random-access register file is composed of 124 
general-purpose registers, three I/O port registers, and 16 
control and status registers. 

To unburden the program from coping with real-time 
problems such as serial data communication and 
counting/timing, an asynchronous receiver/transmitter 
(UART) and two counter/timers with a large number of 
user-selectable modes are offered on-chip. Hardware 
support for the UART is minimized because one of the 
on-chip timers supplies the bit rate. Figure 3 shows the 
Z8681/82 block diagram. 



PIN DESCRIPTION 

AS. Address Strobe (output, active Low). Address Strobe is 
pulsed once at the beginning of each machine cycle. 
Addresses output via Port 1 for all external program or data 
memory transfers are valid at the trailing edge of AS. 

DS. Data Strobe (output, active Low). Data Strobe is 
activated once for each external memory transfer. 

PO0-PO7, P2o-P27, P3o-P37. I/O Port Lines (input/outputs, 
TTL-compatible). These 24 lines are divided into three 8-bit 
I/O ports that can be configured under program control for 
I/O or external memory interface (Figure 3). 

PI0-PI7. Address/Data Port (bidirectional). Multiplexed 
address (A0-A7) and data (Dq-D 7 ) lines used to interface with 



program and data memory. 



RESET . Reset (input, active Low). RESET initializes the 
Z8681/82. After RESE T the Z 8681 is in the extended 
memory mode. When RESET- is deactivated, program 
execution begins from program location OOOCh for the 
Z8681 and 081 2 H for the Z8682. 

R/W. Read/Write (output). R/W is Low when the Z8681/82 is 
writing to external program or data memory. 

XTAL1, XTAL2. Crystal 1, Crystal 2 (time-base input and 
output). These pins connect a parallel-resonant crystal to the 
on-chip clock oscillator and buffer. 



N 

1 

00 

to 



SUMMARY OF Z8681 AND Z8682 DIFFERENCES 



Feature 



Z8681 



Z8682 



Address of first instruction executed after Reset 

Addressable memory space 

Address of interrupt vectors 

Reset input high voltage 

Port configuration after Reset 

External memory timing start-up configurations 
Interrupt vectors 



Interrupt response time 
* 8.0V V| N max 



12 

0-64K 

0-11 

TTL levels * 

Input, float after reset Can be 
programmed as Address bits. 

Extended Timing 

2 byte vectors point directly to service 
routines. 

26 clocks 



2066 

2K-64K 

2048-2065 

7 35-8.0V 

Output, configured as Address bit 

A8-A15 

Normal Timing 

2 byte vectors in internal ROM point to 3 
byte Jump instructions, which point to 
service routines. 

36 clocks 
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ADDRESS SPACES 



Program Memory*. The Z8681/82 addresses 64K/62K 
bytes of external program memory space (Figure 4). 

For the Z8681 , the first 12 bytes of program memory are 
reserved for the interrupt vectors. These locations contain 
six 16-bit vectors that correspond to the six available 
interrupts. Program execution begins at location OOOCh 
after a reset. 

The Z8682 has six 24-bit interrupt vectors beginning at 
address 0800h- The vectors consist of Jump Absolute 
instructions. After a reset, program execution begins at 
location 081 2 H for the Z8682. 

Data Memory* . The Z8681 /82 can address 64K/62K bytes 
of external data memory. External data memory may be 
included with or separated from the external program 
memory space. DM, an optional I/O function that can be 
programmed to appear on pin P34, is used to distinguish 
between data and program memory space. 

Register File. The 143-byte register file includes three I/O 



port registers (R0, R2, R3), 124 general-purpose registers 
(R4-R1 27) and 1 6 control and status registers (R240-R255). 
These registers are assigned the address locations shown in 
Figure 5. 

Z8681/82 instructions can access registers directly or 
indirectly with an 8-bit address field. This also allows short 
4-bit register addressing using the Register Pointer (one of 
the control registers). In the 4-bit mode, the register file is 
divided into nine working-register groups, each occupying 
16 contiguous locations (Figure 5). The Register Pointer 
addresses the starting location of the active working-register 
group (Figure 6). 

Stacks. Either the internal register file or the external data 
memory can be used for the stack. A 1 6-bit Stack Pointer 
(R254 and R255) is used for the external stack, which can 
reside anywhere in data memory. An 8-bit Stack Pointer 
(R255) is used for the internal stack that resides within the 
1 24 general-purpose registers (R4-R1 27). 



LOCATION OF FIRST 
BYTE OF INSTRUCTION 
EXECUTED AFTER" 
RESET (Z8681) 



INTERRUPT 
VECTOR N 
(LOWER BYTE) 

INTERRUPT 
VECTOR^ 
(UPPER BYTE) 



PROGRAM 
MEMORY 



PROGRAM 
MEMORY 



ZZ IRQ3 n 



NOT 
ADDRESSABLE 



LOCATION OF FIRST 
BYTE OF INSTRUCTION 
S* EXECUTED AFTER 

S RESET (Z8682) 

(81 2 h) 2066 

(811 H ) 2065 



3 BYTE INTERRUPT 
'JUMP INSTRUCTIONS 



(800 H ) 2048 
2047 



2 BYTE 
-INTERRUPT 
VECTORS 



Figure 4. Z8681/82 Program Memory Map 



This feature differs in the Z8681 and Z8682. 
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DEC 




HEX 

FF 

FE 

FD 

FC 

FB 

FA 

F9 

F8 

F7 

F6 

F5 

F4 

F3 

F2 

F1 

FO 

7F 

04 
03 
02 
01 
00 


IDENTIFIERS 


255 


STACK POINTER (BITS 7-0) 


SPL 


254 


STACK POINTER (BITS 15-8) 


SPH 


253 


REGISTER POINTER 


RP 


252 


PROGRAM CONTROL FLAGS 


FLAGS 


251 


INTERRUPT MASK REGISTER 


IMR 


250 


INTERRUPT REQUEST REGISTER 


IRQ 


249 


INTERRUPT PRIORITY REGISTER 


IPR 


248 


PORTS 0-1 MODE 


P01M 


247 


PORT 3 MODE 


P3M 


246 


PORT 2 MODE 


P2M 


245 


TO PRESCALER 


PRE0 


244 


TIMER/COUNTER 


TO 


243 


T1 PRESCALER 


PRE1 


242 


TIMER/COUNTER 1 


T1 


241 


TIMER MODE 


TMR 


240 


SERIAL I/O 


SIO 




NOT 
IMPLEMENTED 




127 
4 


GENERAL-PURPOSE 
REGISTERS 




3 


PORT 3 


P3 


2 


PORT 2 


P2 


1 


PORT1 


P1 





PORTO 


P0 



255 
253 



THE UPPER NIBBLE OF THE REGISTER 
FILE ADDRESS PROVIDED BY THE 
REGISTER POINTER SPECIFIES THE 
ACTIVE WORKING-REGISTER GROUP. 



-J 



SPECIFIED WORKING- 
REGISTER GROUP 



THE LOWER 




NIBBLE OF 




THE REGISTER 




FILE ADDRESS 


M 


PROVIDED BY 


THE INSTRUCTION 


s 


POINTS TO THE 





SPECIFIED 


& 


REGISTER. 


N* 








09 




Id 




3 




n 




a 



Figure 5. The Register File 



Figure 6. The Register Pointer 



SERIAL INPUT/OUTPUT 



Port 3 lines P3o and P37 can be programmed as serial I/O 
lines for full-duplex serial asynchronous receiver/transmitter 
operation. The bit rate is controlled by Counter/Timer 0, with 
a maximum rate of 62. 5K bits/second at 8 MHz or 93.75K 
bits/second at 1 2 MHz on the Z8681 . 

The Z8681/82 automatically adds a start bit and two stop 
bits to transmitted data (Figure 7). Odd parity is also 
available as an option. Eight data bits are always 



transmitted, regardless of parity selection. If parity is 
enabled, the eighth data bit is used as the odd parity bit. An 
interrupt request (IRQ4) is generated on all transmitted 
characters. 

Received data must have a start bit, eight data bits, and at 
least one stop bit. If parity is on, bit 7 of the received data is 
replaced by a parity error flag. Received characters 
generate the IRQ3 interrupt request. 



|sp 


SPJ Dj\ D 6 J D 5 J D 4 


D 3 | D 2 | D^ D | ST| 












L 









START BIT 
EIGHT DATA BITS 
TWO STOP BITS 



p|d 7 |d 6 |d 5 |d 4 


d 3 |d 2 |di|d |st| 








L 







START BIT 
EIGHT DATA BITS 
ONE STOP BIT 



Transmitted Data 
(No Parity) 



Received Data 
(No Parity) 



Isp 


sp| p |d 6 |d 5 |d 4 |d 3 |d 2 |d 1 |d |st| 












L 















-START BIT 
-SEVEN DATA BITS 
-ODD PARITY 
-TWO STOP BITS 



|sp|p|d 6 |d 5 |d 4 |d 3 |d 2 |d 1 |d |st| 

L 



START BIT 
SEVEN DATA BITS 
PARITY ERROR FLAG 
ONE STOP BIT 



Transmitted Data 
(With Parity) 



Received Data 
(With Parity) 



Figure 7. Serial Data Formats 



2194-006,007,008 
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COUNTER/TIMERS 



The Z8681/82 contains two 8-bit programmable 
counter/timers (To and T-|), each driven by its own 6-bit 
programmable prescaler. The Ti prescaler can be driven by 
internal or external clock sources; however, the Tq prescaler 
is driven by the internal clock only. 

The 6-bit prescalers can divide the input frequency of the 
clock source by any number from 1 to 64. Each prescaler 
drives its counter, which decrements the value (1 to 256) that 
has been loaded into the counter. When the counter reaches 
the end of count, a timer interrupt request— IRQ4 (Tq) or 
IRQ5 (T-|)— is generated. 

The counters can be started, stopped, restarted to continue, 
or restarted from the initial value. The counters can also be 
programmed to stop upon reaching zero (single-pass 



mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). The 
counters, but not the prescalers, can be read any time 
without disturbing their value or count mode. 

The clock source for Ti is user-definable; it can be either the 
internal microprocessor clock divided by four, or an external 
signal input via Port 3. The Timer Mode register configures 
the external timer input as an external clock, a trigger input 
that can be retriggerable or nonretriggerable, or as a gate 
input for the internal clock. The counter/timers can be 
programmably cascaded by connecting the Tq output to the 
input of T-|. Port 3 line P36 also serves as a timer output 
(Tqut) through which To, Ti or the internal clock can be 
output. 



I/O PORTS 



The Z8681/82 has 24 lines available for input and output. 
These lines are grouped into three ports of eight lines each 
and are configurable as input, output or address. Under 
software control, the ports can be programmed to provide 



address outputs, timing, status signals, serial I/O, and 
parallel I/O with or without handshake. All ports have active 
pull-ups and pull-downs compatible with TTL loads. 



Port 1 is a dedicated Z-BUS compatible memory interface. 
The operations of Port 1 are supported by the Address 
Strobe (AS) and Data Strobe (PS) lines, and by the 
Read/Write (R/W) and Pata Memory (PM) control lines. The 
low-order program and data memory addresses (A0-A7) are 
output through Port 1 (Figure 8) and are multiplexed with 
data in/out (Do-Dj). Instruction fetch and data memory 
read/write operations are done through this port. 

Port 1 cannot be used as a register nor can a handshake 
mode be used with this port. 

Both the Z8681 and Z8682 wake up with the 8 bits of Port 1 
configured as address outputs for external memory. If more 
than eight address lines are required with the Z8681, 
additional lines can be obtained by programming Port bits 
as address bits. The least-significant four bits of Port can 



be configured to supply address bits A 8 -A-ii for 4K byte 
addressing or both nibbles of Port can be configured to 
supply address bits A8-A15 for 64K byte addressing. 



r — r-\ port 1 

\i 1/ < l/0 0R AD0-AD7 



Z8681/82 
MCU 



TO EXTERNAL 
MEMORY 



Figure 8. Port 1 



Port 0* can be programmed as a nibble I/O port, or as an 
address port for interfacing external memory (Figure 9). 
When used as an I/O port, Port can be placed under 
handshake control. In this configuration, Port 3 lines P32 
and P35 are used as the handshake controls PAVo and 
RPY . Handshake signal assignment is dictated by the I/O 
direction of the upper nibble PO4-PO7. 

For external memory references, Port can provide address 
bits Ae-A-n (lower nibble) or A8-A15 (lower and upper 
nibbles) depending on the required address space. If the 
address range requires 12 bits or less, the upper nibble of 
Port can be programmed independently as I/O while the 
lower nibble is used for addressing. 

In the 18681 *, Port lines float after reset; their logic state is 
unknown until the execution of an initialization routine that 
configures PortO. 

*This feature differs in the Z8681 and Z8682. 



Such an initialization routine must reside within the first 256 
bytes of executable code and must be physically mapped 
into memory by forcing the Port address lines to a known 
state (Figure 1 0). The proper port initialization sequence is: 

1. Write initial address (A8-A15) of initialization routine to 
Port address lines. 

2. Configure Port Mode register to output A8-A15 (or 
A8-A11). 

To permit the use of slow memory, an automatic wait mode of 
two oscillator clock cycles is configured for the bus timing of 
the Z8681 after each reset. The initialization routine could 
include reconfiguration to eliminate this extended timing 
mode. 
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The following example illustrates the manner in which an 
initialization routine can be mapped in a Z8681 system with 
4K of memory. 

Example. In Figure 10, the initialization routine is mapped to 
the first 256 bytes of program memory. Pull-down resistors 
maintain the address lines at a logic level when these lines 
are floating. The leakage current caused by fanout must be 
taken into consideration when selecting the value of the 
pulldown resistors. The resistor value must be large enough 
to allow the Port output driver to pull the line to a logic 1 . 
Generally, pulldown resistors are incompatible with TTL 
loads. If Port drives into TTL input loads (Ilow = 1 - 6 m A) 
the external resistors should be tied to Vqc and the 
initialization routine put in address space FFOOh-FFFFh- 

In the Z8682*, Port lines are configured as address lines 
A8-A15 after a Reset. If one or both nibbles are needed for 



I/O operation, they must be configured by writing to the Port 
Mode register. The Z8682 is in the fast memory timing 
mode after Reset, so the initialization routine must be in fast 
memory. 



Z8681/82 
MCU 






PO4-PO7 
PO0-PO3 



I PORT O 

ni/ooR A8-A15 



x HAND SHAKE CONTROLS 
} DAV0ANDRDY0 
" ' (P3 2 AND P3 5 ) 



Figure 9. Port 
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Figure 10. Port Address Lines Tied to Logic 



Port 2 bits can be programmed independently as input or 
output (Figure 11). This port is always available for I/O 
operations. In addition, Port 2 can be configured to provide 
open-drain outputs. 

Like Port 0, Port 2 may also be placed under handshake 
control. In this configuration, Port 3 lines P3-) and P36 are 
used as the handshake controls lines DAV2 and RDY2. The 
handshake signal assignment for Port 3 lines P3i and P36 is 
dictated by the direction (input or output) assigned to bit 7 of 
Port 2. 



Z8681/82 
MCU 



P2o 

PORT 2(1/0) 

P27 

1 HAND SHAKE CONTROLS 
> DAV 2 AND RDY 2 
' (P^ AND P3 6 ) 



Figure 11. Port 2 



Port 3 lines can be configured as I/O or control lines (Figure 
1 2). In either case, the direction of the eight lines is fixed as 
four input (P3 -P3 3 ) and four output (P3 4 -P3 7 ). For serial I/O, 
lines P3o and P37 are programmed as serial in and serial 
out, respectively. 

Port 3 can also provide the following control functions: 
handshake for Ports and 2 (DAV and RDY); four external 
interrupt request signals (IRQ0-IRQ3); timer input and 
output signals (T^ and Tout) and Data Memory Select 
(DM). 













* 






Z8681/82 




MCU 


► 







PORT 3 

(I/O OR CONTROL) 



Figure 12. Port 3 



This feature differs in the Z8681 and Z8682. 
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INTERRUPTS* 



The Z8681/82 allows six different interrupts from eight 
sources: the four Port 3 lines P3 -P33, Serial In, Serial Out, 
and the two counter/timers. These interrupts are both 
maskable and prioritized. The Interrupt Mask register 
globally or individually enables or disables the six interrupt 
requests. When more than one interrupt is pending, 
priorities are resolved by a programmable priority encoder 
that is controlled by the Interrupt Priority register. 

All Z8681 and Z8682 interrupts are vectored through 
locations in program memory. When an interrupt request is 
granted, an interrupt machine cycle is entered. This disables 
all subsequent interrupts, saves the Program Counter and 
status flags, and accesses the program memory vector 
location reserved for that interrupt. In the Z8681, this 
memory location and the next byte contain the 16-bit 
address of the interrupt service routine for that particular 
interrupt request. The Z8681 takes 26 system clock cycles 
to enter an interrupt subroutine. 

The Z8682 has a small internal ROM that contains six 2-byte 
interrupt vectors pointing to addresses 2048-2065, where 
3-byte jump absolute instructions are located (Figure 4 and 
Table 1). These jump instructions each contain a 1-byte 



opcode and a 2-byte starting address for the interrupt 
service routine. The Z8682 takes 36 system clock cycles to 
enter an interrupt subroutine. 

Table 1 . Z8682 Interrupt Processing 



Hex 


Contains Jump Instruction and 


Address 


Subroutine Address For 


800-802 


IRQ0 


803-805 


IRQ1 


806-808 


IRQ2 


809-80B 


IRQ3 


80C-80E 


IRQ4 


80F-81 1 


IRQ5 



Polled interrupt systems are also supported. To 
accommodate a polled structure, any or all of the interrupt 
inputs can be masked and the Interrupt Request register 
polled to determine which of the interrupt requests needs 
service. 



CLOCK 



The on-chip oscillator has a high-gain, parallel-resonant 
amplifier for connection to a crystal or to any suitable 
external clock source (XTAL1 = Input, XTAL2 = Output). 

The crystal source is connected across XTAL1 and XTAL2, 
using the recommended capacitance (C|_ = 15 pf 
maximum) from each pin to ground. The specifications for 
the crystal are as follows: 



AT cut, parallel-resonant 
Fundamental type 
Series resistance, R s < 1 00Q 
ForZ8681/Z8682, 8 MHz maximum 
ForZ8681-12, 12 MHz maximum 



Z8681/Z8682 INTERCHANGEABILITY 



Although the Z8681 and Z8682 have minor differences, a 
system can be designed for compatibility with both 
ROMIess versions. To achieve interchangeability, the design 
must take into account the special requirements of each 
device in the external interface, initialization, and memory 
mapping. 



External Interfac e. The Z8682 requires a 7.5V positive 
logic level on the RESET pin for at least 6 clock periods 
immediately following reset, as shown in Figure 13. The 
Z8681 requires a 3.8V or hi gher po sitive logic level, but is 
compatible with the Z8682 RESET waveform. Figure 14 
shows a simple circuit for generating the 7.5V level. 



/ 

4 


6 


_ XTAL _^ 
CLKS 


m XTAL fc 
CLKS 


MAX 


MIN 



V— V RH 

3.8 V MIN 



Figure 13. Z8682 RESET Pin Input Waveform 

*This feature differs in the Z8681 and Z8682. 



I— J 7.35 - 8.0 V 
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Z8682 



Figure 14. RESET Circuit 
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2194-014,015 



Initialization. The Z8681 wakes up after reset with Port 
configured as an input, which means Port lines are floating 
in a high-impedance state. Because of this pullup or 
pulldown, resistors must be attached to Port lines to force 
them to a valid logic level until Port is configured as an 
address port. 

Port initialization is discussed in the section on ports. An 
example of an initialization routine for Z8681/Z8682 
compatibility is shown in Table 2. Only the Z8681 need 
execute this program. 

Table 2. Initialization Routine 



Address Opcodes Instruction 



Comments 



oooc 


E600 00 


LDPO#o/oOO 


SetA 8 -Ai 5 toO. 


000F 


E6F8 96 


LDP01M#°/o96 


Configure Port as 
A8-A15. Eliminate 
extended memory 
timing. 


0012 


8D0812 


JP START 


Execute application 






ADDRESS 


program. 





APPLICATION 
PROGRAM 


2066 


A.P. PROG START ADDRESS 


2063 


JP IRQ5 


2060 


JP IRQ4 


2057 


JP IRQ3 


2054 


JP IRQ2 


2051 


JP IRQ1 


2048 


JP IRQO 


2047 
21 


NOT USED 


18 


JP %0812 


15 


LD P01M *%96 


12 


LD PO #%00 


10 


IR05 


8 


IRQ4 


6 


IRQ3 


4 


IRQ2 


2 


IRQ1 





IRQO 



FFFFh 



Z8682 VECTORS 
JUMP INSTRUCTIONS 



Ch 



Z8661 
INITIALIZATION 



Z8681 
VECTORS 



$ 



s 



Figure 15. Z8681/82 Logical Program Memory Mapping 
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Memory Mapping. The Z8681 and Z8682 lower memory 
boundaries are located at and 2048, respectively. A single 
program ROM can be used with either product if the logical 
program memory map shown in Figure 15 is followed. The 
Z8681 vectors and initialization routine must be starting at 



address and the Z8682 3-byte vectors (jump instructions) 
must be at address 2048 and higher. Addresses in the range 
21-2047 are not used. Figure 16 shows practical schemes 
for implementing this memory map using 4K and 2K ROMs. 



17FF 




6K 










APPLICATION 
PROGRAM 














1015 










1014 








NOT USED 




CHIP SELECT m (A12 + An) • A 13 • A 4 • A 15 


1000 




4K 








FFF 








FFF 




APPLICATION 
PROGRAM 


















812 










812 


811 






811 




Z8682 VECTORS 










800 


2K 






800 


7FF 






7FF 














15 










15 


14 
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AND INITIALIZATION 




14 















LOGICAL 




PHYSICAL 
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a. Logical to Physical Memory Mapping for 4K ROM 



LOGICAL 
MEMORY 



FFH 


APPLICATION 
PROGRAM 












835 




CHIP SELECT = An • A 12 • A13 • A14 


834 
820 


NOT USED 


a!°=3Z> — astorom 


81 F 


APPLICATION 
PROGRAM 












-+ 




812 






811 


Z8682 VECTORS 












800 






7FF 


NOT USED 














15 






14 


Z8681 VECTORS 
AND INITIALIZATION 


















PHYSICAL 
MEMORY 



b. Logical to Physical Memory Mapping for 2K ROM 
Figure 16. Practical Schemes for Implementing Z8681 and Z8682 Compatible Memory Map 
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INSTRUCTION SET NOTATION 

Addressing Modes. The following notation is used to 
describe the addressing modes and instruction operations 
as shown in the instruction summary. 



Assignment of a value is indicated by the symbol "«-". For 
example, 

dst <- dst + src 



IRR 


Indirect register pair or indirect working- register 

pair address 

Indirect working-register pair only 

Indexed address 


indicates that the source data is added to the destination 




Irr 
X 


data and the result is stored in the destination location. The 
notation "addr(n)" is used to refer to bit "n" of a given 




DA 


Direct address 


location. " 


For example, 




RA 


Relative address 




dst (7) 




IM 
R 


Immediate 

Register or working-register address 


refers to bit 7 of the destination operand. 




r 
IR 


Working-register address only 
Indirect-register or indirect working-register 


Flags. Control Register R252 contains the following six 






address 


flags: 






Ir 


Indirect working-register address only 


C 


Carry flag 


N 

00 
0> 


RR 


Register pair or working register pair address 


z 


Zero flag 


Symbols. The following symbols are used in describing the 
instruction set. 


s 

V 


Sign flag 
Overflow flag 


00 

00 
10 






D 


Decimal-adjust flag 


dst 


Destination location or contents 


H 


Half-carry flag 


3 


src 


Source location or contents 






cc 


Condition code (see list) 


Affected flags are indicated by: 


a 


@ 


Indirect address prefix 





Cleared to zero 




SP 


Stack pointer (control registers 254-255) 


1 


Set to one 




PC 


Program counter 


* 


Set or cleared according to operation 




FLAGS 


Flag register (control register 252) 


— 


Unaffected 




RP 


Register pointer (control register 253) 


X 


Undefined 




IMR 


Interrupt mask register (control register 251) 









CONDITION CODES 



Value 


Mnemonic 


Meaning 


Flags Set 




1000 




Always true 


— 




0111 


c 


Carry 


C= 1 




1111 


NC 


No carry 


C = 




0110 


z 


Zero 


Z= 1 




1110 


NZ 


Not zero 


Z = 




1101 


PL 


Plus 


S = 




0101 


Ml 


Minus 


S= 1 




0100 


OV 


Overflow 


V= 1 




1100 


NOV 


No overflow 


v = o 




0110 


EQ 


Equal 


Z= 1 




1110 


NE 


Not equal 


Z = 




1001 


GE 


Greater than or equal 


(SXORV) = 




0001 


LT 


Less than 


(SXORV) = 1 




1010 


GT 


Greater than 


[Z OR (S XOR V)] = 




0010 


LE 


Less than or equal 


[Z OR (SXORV)] = 1 




1111 


UGE 


Unsigned greater than or equal 


C = 




0111 


ULT 


Unsigned less than 


C = 1 




1011 


UGT 


Unsigned greater than 


(C = 0ANDZ = 0) = 1 




0011 


ULE 


Unsigned less than or equal 


(C OR Z) = 1 




0000 




Never true 
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CCF, Dl, El, IRET, NOP, 
RCF, RET, SCF 



One-Byte Instruction 



OPC | mode" 



CLR, CPL, DA, DEC, 

or impure! s;vS w 



OR [ 1 1 1 1 dst | 



RRC, SRA, SWAP 
JP, CALL (Indirect) 



OPC 


MODE 


dst 


src 



MODE 


OPC 


dst/src 


src/dst 



ADC, ADD, AND, 
CP, OR, SBC, SUB, 
TCM, TM, XOR 



LD, LDE, LDEI, 
LDC, LDCI 



OPC | mode" 



OPC MODE 



MODE | OPC" 



1110 


src 


1110 


dst 



ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 



ADC, ADD, AND, CP, 

OR ll 1 1 Ol dst ! LD ' 0R ' SBC ' SUB - 
OR I 1 1 1 °1 dst 1 TCM, TM, XOR 



1110 


src 


1110 


dst 



MODE 


OPC 


dst/src 


X 


ADDRESS 



dst/src OPC 



dst/CC I OPC~ 



|1 1 1 0| 



DAu 



DA L 



DA l 



Two-Byte Instruction 



Three-Byte Instruction 



Figure 17. Instruction Formats 



INSTRUCTION SUMMARY 





Addr Mode 


Opcode 
Byte 
(Hex) 


Flags Affected 


Instruction 
and Operation 


dst src 


C Z S V D H 


ADC dst,src 

dst *- dst + src + C 


(Notel) 


1D 


* * * * * 


ADD dst,src 
dst «- dst + src 


(Notel) 


on 


* * * * * 


AND dst, src 
dst*- dst AND src 


(Notel) 


5D 


— * * 


CALL dst 

SP*-SP - 2 
@SP*-PC;PC«-dst 


DA 
IRR 


D6 
D4 




CCF 

C«-NOTC 




EF 


* 


CLR dst 

dst«-0 


R 
IR 


BO 
B1 




COM dst 

dst *- NOT dst 


R 

IR 


60 

61 


- * * 


CP dst.src 
dst - src 


(Notel) 


AD 


* * * * 


DA dst 

dst - DA dst 


R 
IR 


40 
41 


* * * X 



Instruction 
and Operation 


Addr Mode 


Opcode 
Byte 
(Hex) 


Flags Affected 


dst 


src 


C Z S V D H 


DEC dst 

dst *- dst - 1 


R 
IR 




00 
01 


— * * * 


DECW dst 

dst <- dst - 1 


RR 
IR 




80 
81 


— * * * 


Dl 

IMR(7)«-0 






8F 





DJNZ r.dst 
r-r - 1 
ifr#0 

PC <- PC + dst 
Range. +127,-128 



RA 



El 

IMR(7)-1 



INC dst 

dst — dst + 1 



R 
IR 



INCW dst 

dst *- dst + 1 



RR 
IR 



rA 
r = - 



9F 



rE 

r = - F 

20 

21 



— * * * 



AO 
A1 
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2194-018,019 



INSTRUCTION SUMMARY (Continued) 



Instruction 
and Operation 


Addr Mode 


Opcode 
Byte 
(Hex) 


Flags Affected 


dst src 


C Z S V D H 


IRET 

FLAGS ^@SP,SP-SP + 1 
PC - @SP, SP *- SP + 2; IMR (7) 


BF 
— 1 


****** 


JPccdst 
if cc is true 
PC - dst 


DA 
IRR 


cD 

c = - F 

30 





JRcc.dst 




RA 




if cc is true, 








PC - PC + 


dst 






Range. +127, 


-128 






LD dst, src 




r 


Im 


dst *- src 




r 
R 

r 

X 
r 


R 

r 

X 

r 
Ir 






R 


R 






R 


IR 






R 


IM 






IR 


IM 






IR 


R 



LDC dst.src 

dst *- src 


r 
Irr 


Irr 
r 


C2 

D2 


LDCI dst.src 

dst *- src 

r*-r + 1; rr *-rr + 1 


Ir 
Irr 


Irr 
Ir 


C3 

D3 


LDE dst.src 

dst *- src 


r 
Irr 


Irr 
r 


82 

92 


LDEI dst.src 

dst *- src 

r *- r + 1 , rr *- rr + 1 


Ir 
Irr 


Irr 
Ir 


83 

93 


NOP 






FF 


OR dst, src 

dst *- dst OR src 


(Note 


>1) 


4D - * * 


POP dst 

dst +- @SP, 
SP«-SP + 1 


R 
IR 




50 

51 


PUSH src 

SP^-SP - 1,@SP«-! 


src 


R 
IR 


70 

71 


RCF 

C^O 






CF 


RET 

PC +- @SP; SP - SP + 2 




AF 




R 

IR 






RLdst ,^^-^J 


90 * * * * 

91 



Addr Mode 


^ O 


Flags Affected 


Instruction 

and Operation dst src 


C Z S V D H 




10 

11 




•"^^gHEzaj;; 


* * * * 




EO 
E1 




HHds, LeLethJ" 


* * * * 




CO 
C1 




H«Cds tLEM _^R 

In 


* * * * 


SBCdst.src (Notel) 

dst +- dst *- src *- C 


3D 


* * * * 1 * 


SCF 

C«-1 


DF 


1 


SRAdst^^r-^JR 


DO 
D1 


* * * 


SRP src Im 

RP «- src 


31 




SUBdst.src (Notel) 

dst *- dst *- src 


2D 


* * * * 1 * 


SWAP dst , r~ri , R 

[7 4 3 

' 1 ' i ' IR 


FO 
F1 


X * * X 


TCMdst.src (Notel) 
(NOT dst) AND src 


6D 


— * * 


TMdst.src (Notel) 
dst AND src 


7D 


— * * 


XORdst.src (Notel) 
dst *- dst XOR src 


BD 


— * * 



cB 

- F 

rC 

r8 

r9 

0- F 

C7 

D7 

E3 

F3 

E4 

E5 

E6 

E7 

F5 

NOTE These instructions have an identical set of addressing modes, 
which are encoded for brevity The first opcode nibble is found in 
the instruction set table above The second nibble is expressed 
symbolically by a □ in this table, and its value is found in the 
following table to the left of the applicable addressing mode pair 
For example, the opcode of an ADC instruction using the 
addressing modes r (destination) and Ir (source) is 13, 

Addr Mode 
Lower 

dst src Opcode Nibble 

[2] 

r Ir [|] 

R R [T] 

R IR [5] 

R IM |T| 

IR IM [7] 



s 

00 
10 

3 
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REGISTERS 



R240 SIO 
Serial I/O Register 

(F0 H ; Read/Write) 

| D 7 | D 6 | D s 1 D 4 | D 3 j D 2 I Pi I Do I 



- SERIAL DATA (D„ = LSB) 



R244 TO 
Counter/Timer Register 

(F4 H ; Read/Write) 

10710810510410310210,1071 



T INITIAL VALUE (WHEN WRITTEN) 

-(RANGE. 1-256 DECIMAL 01-00 HEX) 

T CURRENT VALUE (WHEN READ) 



R241 TMR 
Time Mode Register 

(F1 H ; Read/Write) 



R245 PREO 
Prescaler Register 

(F5 H ; Write Only) 



Tqut MODES 

NOT USED ■ 00 

T OUT - 01 

T« OUT - 10 

INTERNAL CLOCK OUT » 11 

T IN MODES 

EXTERNAL CLOCK INPUT - 00 

GATE INPUT - 01 

TRIGGER INPUT - 10 

(NONRETRIGGERABLE) 

TRIGGER INPUT - 11 
(RETRIGGERABLE) 



|o, 


d s |d 5 


0410,10210,1001 








L 

1 



D 4 I D 3 1 D 2 1 D, I p7| 



L 



COUNT MODE 

= T SINGLE-PASS 

1 = T MODULO N 



-RESERVED (MUST BE 0) 



PRESCALER MODULO 
-(RANGE- 1-64 DECIMAL 
01-00 HEX) 



R242 T1 
Counter Timer 1 Register 

(F2 H ; Read/Write) 

| P y I P 6 j D 5 [ D 4 j 3 1 D 2 j D, [dTI 



R246 P2M 
Port 2 Mode Register 

(F6h; Write Only) 

10710810510410310210,1001 



T, INITIAL VALUE (WHEN WRITTEN) 

-(RANGE 1-256 DECIMAL 01-00 HEX) 

T, CURRENT VALUE (WHEN READ) 



1 DEFINES BIT AS INPUT 



R243 PRE1 
Prescaler 1 Register 

(F3 H , Write Only) 



^ 



L COUNT MODE 
1 = T, MODULON 
= T, SINGLE-PASS 

CLOCK SOURCE 

1 = T, INTERNAL 

= T, EXTERNAL 
TIMING INPUT 
(T| N ) MODE 

PRESCALER MODULO 

(RANGE: 1-64 DECIMAL 

01-00 HEX) 



R247 P3M 
Port 3 Mode Register 

(F7 H ; Write Only) 



I p 7 ; p 6 1 p 5 1 p 4 



P| | P2 | Pi j 



L ? 



-RESERVED (MUST BE 0) 

P3 2 = INPUT P3 5 

~1 P3 2 = BSVB/RDYO P3 5 



P3 3 = INPUT 

_ 1 } p3 3 = INPUT 

1 1 RESERVED 



P3 4 = 
P3 4 = 



OUTPUT 

m 



Figure 18. Control Registers 
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REGISTERS 

(Continued) 



R248P01M 
Port Register 

(F8 H ; Write Only) 



R252 FLAGS 
Flag Register 

(FCh; Read/Write) 



I p 7 1 p, I D 6 | D 4 ' 



P0 4 -P0 7 MODE 
OUTPUT ■ 00 
INPUT * 01 



EXTERNAL 
MEMORY TIMING - 
NORMAL = 
•EXTENDED = 1 



X 



P a I P 2 1 Pi I 



~D 



00 - OUTPUT 

01 * INPUT 

1X - A,-A„ 

STACK SELECTION 
- - EXTERNAL 
1 - INTERNAL 



- RESERVED (MUST BE 0) 



I 0? I De | 



KH 



Li 



USER FLAG F1 

USER FLAG F2 
-HALF CARRY FLAG 
-DECIMAL ADJUST FLAG 
-OVERFLOW FLAG 
-SIGN FLAG 
-ZERO FLAG 



•ALWAYS EXTENDED TIMING AFTER RESET 



R249 IPR 
Interrupt Priority Register 

(F9 H ; Write Only) 



R253 RP 
Register Pointer 

(FD H ; Read/Write) 



| D 7 | D 6 [ 5, | D 4 


D 3 1 D 2 1 D, | D | 


REGISTER 
POINTER 


|d 7 |o,|d s |d 4 |d 3 |Dj|d 1 


H 


RESERVED ' 

IRQ3, IR05 PRIORITY (GROUP A) 










INTERRUPT GROUP PRIORITY 
RESERVED = 000 
C > A > B = 001 


\P 






DON'T CARE 










A > C > B = 011 
B > C > A = 100 
C > B > A = 101 
B > A > C = 110 
RESERVED =111 




1 = IRQ3 > IROS 


I- 






IRQ0, IRQ2 PRIORITY (GROUP B) 


V 4 






1 = IRO0 > IR02 
IRQ1, IRQ4 PRIORITY (GROUP C) 









00 
10 

R 

a 



R250 IRQ 
Interrupt Request Register 

(FA H ; Read/Write) 

| D 7 1 D 6 | D 5 1 D 4 | D 3 1 D 2 | 0,7571 



RESERVED (MUST BE 



*-J 



R254 SPH 
Stack Pointer 

(FE H ; Read/Write) 

10,10,10,10,10310210,1001 



- IRQO - P3 2 INPUT (Do - IRQO) 
IRQ1 » P3 3 INPUT 
IRQ2 « P3i INPUT 
IRQ3 - P3o INPUT, SERIAL INPUT 
IRQ4 « To, SERIAL OUTPUT 
IRQ6 - Ti 



STACK POINTER UPPER 



R251 IMR 
Interrupt Mask Register 

(FB H ; Read/Write) 

| D 7 1 D 6 | D 5 | D 4 1 D 3 1 D 2 | 0,7571 



R255SPL 
Stack Pointer 

(FF H ; Read/Write) 

| D 7 [ D, 1 P 8 | P 4 | P 3 1 D 2 | D, 1 D | 



- RESERVED (MUST BE 0) 
-1 ENABLES INTERRUPTS 



STACK POINTER LOWER 
BYTE (SP -SP 7 ) 



Figure 18. Control Registers (Continued) 



2194-020 
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Z86L81/85 OPCODE MAP 



Lower Nibble (Hex) 
6 7 8 9 



6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


6,5 


6,5 


12/10,5 


12/10,0 


6,5 


12/10,0 


6,5 




DEC 


DEC 


ADD 


ADD 


ADD 


ADD 


ADD 


ADD 


LD 


LD 


DJNZ 


JR 


LD 


JP 


INC 




Ri 


iRi 


ri,r 2 


n.i'2 


R 2 ,Ri 


IR2.R1 


Ri.lM 


IRlIM 


M.R2 


'2.R1 


m.ra 


cc.RA 


M.IM 


cc.DA 


r1 




6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 
































RLC 


RLC 


ADC 


ADC 


ADC 


ADC 


ADC 


ADC 
































Ri 


IRi 


IV2 


n-i^ 


R2.R1 


IR2.R1 


R 1t IM 


IRlIM 
































6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




INC 


INC 


SUB 


SUB 


SUB 


SUB 


SUB 


SUB 
































Ri 


IRi 


n.r 2 


n,ir 2 


R2.R1 


IR2.R1 


R 1( IM 


IR 1( IM 
































8,0 


6,1, 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




JP 


SRP 


SBC 


SBC 


SBC 


SBC 


SBC 


SBC 
































IRRl 


IM 


n,r 2 


*\Mz 


R2.R1 


IR 2 ,R 1 


R 1t IM 


IRi.lM 
































8,5 


8,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




DA 


DA 


OR 


OR 


OR 


OR 


OR 


OR 
































Ri 


IRi 


•V2 


ri,lr 2 


R2.R1 


IR2.R1 


R^IM 


IRl.lM 
































10,5 


10,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




POP 


POP 


AND 


AND 


AND 


AND 


AND 


AND 
































Ri 


IRi 


ri,r 2 


M,lr 2 


R2.R1 


IR2.R1 


R 1f IM 


IR^IM 
































6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




COM 


COM 


TCM 


TCM 


TCM 


TCM 


TCM 


TCM 
































Ri 


IRi 


n.r2 


n.'^ 


R2.R1 


IR2.R1 


RlIM 


IRl.lM 
































10/12,1 


12/14,1 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




PUSH 


PUSH 


TM 


TM 


TM 


TM 


TM 


TM 
































R 2 


IR 2 


ri.r 2 


r-|,lr 2 


R2.R1 


IR2.R1 


R^IM 


IRi.lM 
































10,5 


10,5 


12,0 


18,0 










6,1 


DECW 


DECW 


LDE 


LDEI 






































Dl 


RFH 


IRi 


r 1t lrr 2 


lri,trr 2 








































6,5 


6,5 


12,0 


18,0 










6,1 


RL 


RL 


LDE 


LDEI 






































El 


Ri 


IRi 


r 2 ,lrri 


lr 2 ,lrri 








































10,5 


10,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


14,0 


INCW 


INCW 


CP 


CP 


CP 


CP 


CP 


CP 






























RET 


RR 1 


IRi 


n.r 2 


ri.lr 2 


R2.R1 


IR2.R1 


Ri.lM 


IRlIM 
































6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


16,0 


CLR 


CLR 


XOR 


XOR 


XOR 


XOR 


XOR 


XOR 






























IRET 


Ri 


IRi 


n,r 2 


ri ,tf2 


R2.R1 


IR2.R1 


R 1( IM 


IRiJM 
































6,5 


6,5 


12,0 


18,0 








10,5 


6,5 


RRC 


RRC 


LDC 


LDCI 








LD 






























RCF 


Ri 


"Ri 


r h \u 2 


lr-|,lrr 2 








n,x,R 2 
































6,5 


6,5 


12,0 


18,0 


20,0 




20,0 


10,5 


6,5 


SRA 


SRA 


LDC 


LDCI 


CALL* 




CALL 


LD 






























SCF 


Ri 


IRi 


r 2 M^ 


lr 2 ,lrr-| 


IRRl 




DA 


r 2 .X.Ri 
































6,5 


6,5 




6,5 


10,5 


10,5 


10,5 


10,5 


6,5 


RR 


RR 




LD 


LD 


LD 


LD 


LD 






























CCF 


Ri 


IRi 




r-,,IR 2 


R2.R1 


IRp.Ri 


RlIM 


IR-I.IM 
































8,5 


8,5 




6,5 




10,5 






6,0 


SWAP 


SWAP 




LD 




LD 


































NOP 


Ri 


IRi 




lri,r 2 




R2.IR1 






\ 


J 


\ 


\ 


\ 


\ 


\ 


J 


\ 


\ 


\ 


\ 


\ 


\ 





Bytes per Instruction 



LOWER 
OPCODE 
NIBBLE 



EXECUTION 
CYCLES 



V^ 



PIPELINE 
CYCLES 



UPPER 

OPCODE - 

NIBBLE 



10,5 
CP 

R2.R1 



FIRST 
OPERAND 



^~K 



SECOND 
OPERAND 



Legend: 

R = 8-bit address 
r = 4-bit address 
Ri or r-| = Dst address 
R 2 or r 2 = Src address 

Sequence: 

Opcode, First Operand, Second Operand 

NOTE The blank areas are not defined 



"2 byte instruction, fetch cycle appears as a 3-byte instruction 
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ABSOLUTE MAXIMUM RATINGS 

Voltages on all pins except RESET 

with respect to GND -0.3V to +7.0V 

Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°Cto +150°C 

STANDARD TEST CONDITIONS 

The DC characteristics listed below apply for the following 
standard test conditions, unless otherwise noted. All 
voltages are referenced to GND. Positive current flows into 
the referenced pin. 

Standard conditions are as follows: 

■ + 4.75V <V CC < + 5.25V 

■ GND = 0V 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above those indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability 



■ 0°C < T A < + 70°C for S (Standard temperature) 

■ - 40°C < T A < + 85 °C for E (Extended temperature) 

The Ordering Information section lists package temperature 
ranges and product numbers. Refer to the Literature List for 
additional documentation. Package drawings are in the 
Package Information section. 



$ 



FROM OUTPUT t 
UNDER TEST * 



«•»•* ©3? 




00 

S 

S 



Figure 19. Test Load 1 



Figure 20. External Clock Interface Circuit 



DC CHARACTERISTICS 



Symbol 


Parameter 


Min 


Max 


Unit 


Condition 


V C H 


Clock Input High Voltage 


3.8 


v C c 


V 


Driven by External Clock Generator 


V C L 


Clock Input Low Voltage 


-0.3 


0.8 


V 


Driven by External Clock Generator 


V|H 


Input High Voltage 


2.0 


v C c 


V 




V|L 


Input Low Voltage 


-0.3 


0.8 


V 




Vrh 


Reset Input High Voltage 


3.8 


v C c 


V 


See Note 


Vrl 


Reset Input Low Voltage 


-0 3 


08 


V 




V H 


Output High Voltage 


2.4 




V 


lOH = -250,iA 


Vol 


Output Low Voltage 




0.4 


V 


Iql = + 2.0 mA 


IlL 


Input Leakage 


-10 


10 


ma 


0V<V| N < + 5.25V 


lOL 


Output Leakage 


-10 


10 


ma 


0V<V| N < + 5.25V 


l|R 


Reset Input Current 




-50 


ha 


V C c= + 5.25V,V RL = 0V 


•cc 


V<x Supply Current 




180 


mA 





*The Reset line (pin 6) is used to place the Z8682 in external memory mode. This is accomplished as shown in Figure 1 3 



2194-022,023 
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X 



*«-©-► 



PORT 0, 
DM 



X 



X 



X 



♦©** 



~w 



-*-{J3>-»* 



DS 

(READ) 



DS 

(WRITE) 



-<§> 



A0-A7 ^ 



®= 



-® — ni 



-©- 



/ D0-D7 11 



-*© 



-©- 



/ 



• *""=""* 



D0-D7 OUT 



N: 



-CD- 



xn 



I* 



-*<g)-». 



y 



Figure 21 . External I/O or Memory Read/Write Timing 



AC CHARACTERISTICS 

External I/O or Memory Read and Write Timing 











Z8681/82 


Z8681 












8 MHz 


12 MHz 




Number 


Symbol 


Parameter 




Min 


Max 


Min 


Max 


Notes*f° 


1 


TdA(AS) 


Address Valid to AS t Delay 




50 




35 




2,3 


2 


TdAS(A) 


AS t to Address Float Delay 




70 




45 




2,3 


3 


TdAS(DR) 


AS t to Read Data Required Valid 






360 




220 


1,2,3 


4 


TwAS 


AS Low Width 




80 




55 




2,3 


5 


TdAz(DS) 


Address Float to DSI 
















6 


TwDSR 


DS (Read) Low Width 




250 




185 




1,2,3 


7 


TwDSW 


DS (Write) Low Width 




160 




110 




1,2,3 


8 


TdDSR(DR) 


DS \ to Read Data Required Valid 






200 




130 


1,2,3 


9 


ThDR(DS) 


Read Data to DS t Hold Time 
















10 


TdDS(A) 


DS t to Address Active Delay 




70 




45 




2,3 


11 


TdDS(AS) 


DSttoAS* Delay 




70 




55 




2,3 


12 


TdR/W(AS) 


R/W Valid to AS t Delay 




50 




30 




2,3 


13 


TdDS(R/W) 


DSt to R/W Not Valid 




60 




35 




2,3 


14 


TdDW(DSW) 


Write Data Valid to DS (Write) I Delay 




50 




35 




2,3 


15 


TdDS(DW) 


DS t to Write Data Not Valid Delay 




70 




45 




2,3 


16 


TdA(DR) 


Address Valid to Read Data Required Valid 




410 




255 


1,2,3 


17 


TdAS(DS) 


ASttoDS* Delay 




80 




55 




2,3 


NOTES: 

1 . When using extended memory timing add 2 TpC. 

2. Timing numbers given are for minimum TpC. 

3. See clock cycle time dependent characteristics table. 


* All units in nanoseconds (ns). 

t Test Load 1 

All timing references use 2.0V for a logic ' 


1 " and 0.8V for a logic "0". 
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Figure 22. Additional Timing 



AC CHARACTERISTICS 

Additional Timing Table 









Z8681/82 


Z8681 






ft) 








8 MHz 


12 MHz 




00 
10 


Number 


Symbol 


Parameter 


Min 


Max 


Min 


Max 


Notes* 


1 


TpC 


Input Clock Period 


125 


1000 


83 


1000 


1 


s 


2 


TrC.TfC 


Clock Input Rise and Fall Times 




25 




15 


1 


3 


3 


TwC 


Input Clock Width 


37 




70 




1 




4 


TwTinL 


Timer Input Low Width 


100 




70 




2 




5 


TwTinH 


Timer Input High Width 


3TpC 




3TpC 




2 




6 


TpTin 


Timer Input Period 


8TpC 




8TpC 




2 




7 


TrTin.TfTin 


Timer Input Rise and Fall Times 




100 




100 


2 




8 


TwIL 


Interrupt Request Input Low Time 


100 




70 




2,3 




9 


TwIH 


Interrupt Request Input High Time 


3TpC 




3TpC 




2,3 





NOTES: 

1 . Clock timing references use 3.8V for a logic "1" and 0.8V for a logic "0". 

2. Timing references use 2.0V for a logic "1" and 0.8V for a logic "0". 

3. Interrupt request via Port 3. 
* Units in nanoseconds (ns). 
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®T« 



DATA IN VALID 



DAV 

(INPUT) 



Q> 



\ 



-®- 



X 



sT 



-®- 



\ 



IT 



Figure 23a. Input Handshake Timing 
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Figure 23b. Output Handshake Timing 



AC CHARACTERISTICS 

Handshake Timing 



Number Symbol 





Z8681/82 


Z8681 


Parameter 


Min 


Max 


Min Max 


Data In Setup Time 










Data In Hold Time 


230 




160 


Data Available Width 


175 




120 


LWI Input to RDY 1 Delay 




175 


120 


LW I Output to RDY 1 Delay 











Notesf* 



1 


TsDI(DAV) 


2 


ThDI(DAV) 


3 


TwDAV 


4 


TdDAVIf(RDY) 


5 


TdDAVOf(RDY) 


6 


TdDAVIr(RDY) 


7 


TdDAVOr(RDY) 


8 


TdDO(DAV) 


9 


TdRDY(DAV) 



1,2 
1,3 



DAV t Input to RDY t Delay 1 75 

DAVt Output to RDY t Delay 

Data Out to DAV I Delay 50 30 

Rdy* Input to LWt Delay 200 



120 



140 



1,2 
1,3 

1 

1 



NOTES: 

1 . Test load 1 

2. Input handshake 

3. Output handshake 

t All timing references use 2.0V for a logic "1" and 8V for a logic "0". 
* Units in nanoseconds (ns). 
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CLOCK CYCLE TIME-DEPENDENT 
CHARACTERISTICS 







Z8681/82 


Z8681 






8 MHz 


12 MHz 


Number 


Symbol 


Equation 


Equation 


1 


TdA(AS) 


TpC-75 


TpC-50 


2 


TdAS(A) 


TpC-55 


TpC-40 


3 


TdAS(DR) 


4TpC-140* 


4TpC-110* 


4 


TwAS 


TpC-45 


TpC-30 


6 


TwDSR 


3TpC-125* 


3TpC-65* 


7 


TwDSW 


2TpC-90* 


2TpC-55* 


8 


TdDSR(DR) 


3TpC-175* 


3TpC-120* 


10 


Td(DS)A 


TpC-55 


TpC-40 


11 


TdDS(AS) 


TpC-55 


TpC-30 


12 


TdR/W(AS) 


TpC-75 


TpC-55 


13 


TdDS(R/W) 


TpC-65 


TpC-50 


14 


TdDW(DSW) 


TpC-75 


TpC-50 


15 


TdDS(DW) 


TpC-55 


TpC-40 


16 


TdA(DR) 


5TpC-215* 


5TpC-160* 


17 


TdAS(DS) 


TpC-45 


TpC-30 



$ 



00 
10 

I 



* Add 2TpC when using extended memory timing 
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ORDERING INFORMATION 

Z8ROMIessMCU,8.0MHz 
40-pin DIP 44-pin PCC 

Z8681 PS Z8681 VS| 

Z8681 CS 
Z8681 PE 
Z8681 CE 
Z8681 CM* 

Z8 ROMIess MCU, 12.0 MHz 
40-pin DIP 44-pin PCC 

Z8681-12PS Z8681-12VSf 

Z8681-12CS 

Z8 ROMIess MCU, 8.0 MHz 
40-pin DIP 

Z8682 PS 
Z8682 CS 
Z8682 PE 
Z8682 CE 



Codes 

First letter is for package; second letter is for temperature. 

C = Ceramic DIP R = Protopack 

P = Plastic DIP T = Low Profile Protopack 

L = Ceramic LCC DIP = Dual-ln-Line Package 

V = Plastic PCC LCC - Leadless Chip Carrier 



PCC = Plastic Chip Carrier (Leaded) 



TEMPERATURE FLOW 

S =0°Cto+70°C B =883 Class B 

E = -40°Cto+85°C 

M*= -55°Cto+125°C 

Example: PS is a plastic DIP, 0°C to + 70°C. 

t Available soon 

* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 
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Z8®L Z86L81/85 Low-Power 
RONless Microcomputer 



Zilog 




Preliminary 

Product 

Specification 



April 1985 



FEATURES 

■ Complete microcomputer, 24 I/O lines, and up to 64K 
bytes of addressable external space each for program 
and data memory. 

■ 143-byte register file, including 124 general-purpose 
registers, 3 I/O port registers, and 1 6 status and control 
registers. 

■ Vectored, priority interrupts for I/O, counter/timers, and 
UART. 

■ On-chip oscillator that accepts crystal or external clock 
drive. 



Full-duplex UART and two programmable 8-bit 
counter/timers, each with a 6-bit programmable 
prescaler. 

Register Pointer so that short, fast instructions can 
access any one of the nine working-register groups. 

Low-power standby option that retains contents of 
general-purpose registers. 

Single + 5V power supply— all I/O pins TTL compatible. 

8 MHz 



e 

00 
tfl 



GENERAL DESCRIPTION 

The Z86L81 and Z86L85 are ROMIess versions of the Z8 
single-chip microcomputer. The Z86L85 has the power- 
down option implemented. These products differ only 
slightly and can be used interchangeably with proper 
system design to provide maximum flexibility in meeting 
price and delivery needs. The Z86L81/85 offers all the 
outstanding features of the Z8 family architecture except an 
on-chip program ROM. Use of external memory, rather than 
a preprogrammed ROM, enables this Z8 microcomputer to 
be used in low-volume applications or where code flexibility 
is required. 

The Z86L81/85 can provide up to 16 output address lines, 
thus permitting an address space of up to 64K bytes of data 
and/or program memory. Eight address outputs (AD0-AD7) 
are provided by a multiplexed, 8-bit, Address/Data bus. The 
remaining 8 bits can be provided by the software 
configuration of Port to output address bits A8-A15. 



Available address space can be doubled by programming 
bit 4 of Port 3 (P3 4 ) to act as a data memory select output 
(DM). The two states of DM together with the 16 address 
outputs can define separate data and memory address 
spaces of up to 64 K/62 Kbytes each. 

There are 1 43 bytes of RAM located on-chip and organized 
as a register file of 1 23 general-purpose registers, 1 6 control 
and status registers, and four I/O port registers. This register 
file can be divided into nine groups of 16 working registers 
each. Configuring the register file in this manner allows the 
use of short format instructions; in addition, any of the 
individual registers can be accessed directly. 

The pin functions and the pin assignments of the Z86L81 /85 
40-pin DIP and 44-pin Chip Carrier are illustrated in Figures 
1 and 2. 
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Figure 1 . Pin Functions 
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32 
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GND 
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11 MCU 


30 


3 P3 3 


P3 2 C 


12 


29 


3 P3 4 


P0 
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13 


28 


DPlr 
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14 


27 
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P0 2 
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15 


26 
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P0 3 


c 


16 


25 


3^ 


PO4 
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17 


24 
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P0 5 
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18 


23 
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P0 6 


c 


19 


22 
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20 
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3 pi 
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RESET 
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38 


DS 
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37 
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10 




36 


P3 5 
GND 
P3 2 


11 
12 
13 


Z86L81/85* 
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35 
34 
33 


P0 


14 




32 


PO1 


15 




31 


P0 2 


16 




30 


NC 


17 




29 


X 18 19 20 21 22 23 24 25 26 27 28 / 




^ 


4*><p 4*4* j* « N VW* ^ 


t 



P2 4 
P2 3 
P2 2 
P2i 
P2o 
P3 3 
P3 4 
P17 
P16 
P15 



Figure 2a. 40-Pin DIP, 
Pin Assignments 



Figure 2b. 44-Pin Chip Carrier 
Pin Assignments 



ARCHITECTURE 



Z86L81/85 architecture is characterized by a flexible I/O 
scheme, an efficient register and address space structure 
and a number of ancillary features that are helpful in many 
applications. 

Microcomputer applications demand powerful I/O 
capabilities. The Z86L8 1/85 fulfills this with 24 pins available 
for input and output. These lines are grouped into three 
ports of eight lines each and are configurable under 
software control to provide timing, status signals, serial or 
parallel I/O with or without handshake, and an Address bus 
for interfacing external memory. 

Three basic address spaces are available: program 



memory, data memory and the register file (internal). The 
143-byte random-access register file is composed of 124 
general-purpose registers, three I/O port registers, and 16 
control and status registers. 

To unburden the program from coping with real-time 
problems such as serial data communication and 
counting/timing, an asynchronous receiver/transmitter 
(UART) and two counter/timers with a large number of 
user-selectable modes are offered on-chip. Hardware 
support for the UART is minimized because one f the 
on-chip timers supplies the bit rate. Figure 3 shows the 
Z86L81 /85 block diagram. 
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Figure 3. Z86L81/85 Functional Block Diagram 



PIN DESCRIPTION 

AS. Address Strobe (output, active Low). Address Strobe is 
pulsed once at the beginning of each machine cycle. 
Addresses output via Port 1 for all external program or data 
memory transfers are valid at the trailing edge of AS. 

CLOCK. Clock, Z86L85. Up to 8 MHz (TTL levels). 

DS. Data Strobe (output, active Low). Data Strobe is 
activated once for each external memory transfer. 

PO0-PO7, P2q-P27, P3o-P37. I/O Port Lines (input/outputs, 
TTL-compatible). These 24 lines are divided into three 8-bit 
I/O ports that can be configured under program control for 
I/O or external memory interface (Figure 3). 

PI0-PI7. Address/Data Port (bidirectional). Multiplexed 
address (A0-A7) and data (D0-D7) lines used to interface with 
program and data memory. 



RESET. Reset (input, active Low). RESET initializes the 
Z86L81/85. After Rese t, the d evice is in the extended 
memory mode. When RESET is deactivated, program 
execution begins from program location 000Ch- 

R/W. Read/Write (output). R/W is Low when the Z86L81/85 
is writing to external program or data memory. 

Vmm. Z86L85. Register power backup must be maintained 
at 3.0 to 5.25V while V C c is down. 

XTAL1, XTAL2. Crystal 1, Crystal 2, Z86L81 only (time- 
base input and output). These pins connect a parallel- 
resonant crystal to the on-chip clock oscillator and buffer. 



ADDRESS SPACES 



Program Memory. The Z86L81/85 addresses 64K/62K 
bytes of external program memory space (Figure 4). 

The first 1 2 bytes of program memory are reserved for the 
interrupt vectors. These locations contain six 16-bit vectors 
that correspond to the six available interrupts. Program 
execution begins at location OOOCh after a reset- 



Data Memory. The Z86L81/85 can address 64K bytes of 
external data memory. External data memory can be 
included with, or separated from, the external program 
memory space. DM, an optional I/O function that can be 
programmed to appear on pin P34, is used to distinguish 
between data and program memory space. 
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Register File. The 143-byte register file includes three I/O 
port registers (RO, R2, R3), 124 general-purpose registers 
(R4-R1 27) and 1 6 control and status registers (R240-R255). 
These registers are assigned the address locations shown in 
Figure 5. 

Z86L81/85 instructions can access registers directly or 
indirectly with an 8-bit address field. This also allows short 
4-bit register addressing using the Register Pointer (one of 
the control registers). In the 4-bit mode, the register file is 
divided into nine working-register groups, each occupying 



16 contiguous locations (Figure 5). The Register Pointer 
addresses the starting location of the active working-register 
group (Figure 6). 

Stacks. Either the internal register file or the external data 
memory can be used for the stack. A 16-bit Stack Pointer 
(R254 and R255) is used for the external stack, which can 
reside anywhere in data memory. An 8-bit Stack Pointer 
(R255) is used for the internal stack that resides within the 
1 24 general-purpose registers (R4-R1 27). 



LOCATION OF 
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INSTRUCTION - 
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AFTER RESET 



INTERRUPT 
VECTOR „ 
(LOWER BYTE) 

INTERRUPT 
VECTOR " 
(UPPER BYTE) 



PROGRAM 
MEMORY 



2 BYTE 
, INTERRUPT 
VECTORS 



Figure 4. Z86L81/85 Program Memory Map 
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THE UPPER NIBBLE OF THE REGISTER 
FILE ADDRESS PROVIDED BY THE 
REGISTER POINTER SPECIFIES THE 
ACTIVE WORKING-REGISTER GROUP. 
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POINTS TO THE 
SPECIFIED 
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Figure 5. The Register File 



Figure 6. The Register Pointer 
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SERIAL INPUT/OUTPUT 

Port 3 lines P3o and P37 can be programmed as serial I/O 
lines for full-duplex serial asynchronous receiver/transmitter 
operation. The bit rate is controlled by Counter/Timer 0, with 
a maximum rate of 62. 5K bits/second at 8 MHz. 

The Z86L81/85 automatically adds a start bit and two stop 
bits to transmitted data (Figure 7). Odd parity is also 
available as an option. Eight data bits are always 
transmitted, regardless of parity selection. If parity is 



START BIT 
EIGHT DATA BITS 
TWO STOP BITS 



Isp 


sp|d 7 |d 6 |d 6 |d 4 


d^IdJqoIstj 












L 









Transmitted Data 

(No Parity) 



Isp 


SP| P | D 6 | D s | D 4 | D 3 | D 2 | D 1 [ D 1 ST| 












L 















-START BIT 
-SEVEN DATA BITS 
-ODD PARITY 
-TWO STOP BITS 



Transmitted Data 

(With Parity) 



enabled, the eighth data bit is used as the odd parity bit. An 
interrupt request (IRQ4) is generated on all transmitted 
characters. 

Received data must have a start bit, eight data bits, and at 
least one stop bit. If parity is on, bit 7 of the received data is 
replaced by a parity error flag. Received characters 
generate the IRQ3 interrupt request. 



P | D 7 | D e | D s | D 4 


D 3 | D 2 |Di |Do|st| 




L 







START BIT 
EIGHT DATA BITS 
ONE STOP BIT 
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(No Parity) 



| SP | P | D 6 1 D s | D 4 | D 3 1 P 2 I Pi [ Do | ST | 

L 



START BIT 
SEVEN DATA BITS 
PARITY ERROR FLAG 
ONE STOP BIT 



Received Data 

(With Parity) 



Figure 7. Serial Data Formats 
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COUNTER/TIMERS 



The Z86L81/85 contains two 8-bit programmable counter/ 
timers (To and T^, each driven by its own 6-bit 
programmable prescaler. The Ti prescaler can be driven by 
internal or external clock sources; however, the Tq prescaler 
is driven only by the internal clock. 

The 6-bit prescalers can divide the input frequency of the 
clock source by any number from 1 to 64. Each prescaler 
drives its counter, which decrements the value (1 to 256) that 
has been loaded into the counter. When the counter reaches 
the end of count, a timer interrupt request, IRQ4 (Tq) or IRQ5 
(T-|), is generated. 

The counters can be started, stopped, restarted to continue, 
or restarted from the initial value. The counters can also be 
programmed to stop upon reaching zero (single-pass 



mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). The 
counters, but not the prescalers, can be read any time 
without disturbing their value or count mode. 

The clock source for Ti is user-definable; it can be either the 
internal microprocessor clock divided by four, or an external 
signal input via Port 3. The Timer Mode register configures 
the external timer input as an external clock, a trigger input 
that can be retriggerable or non-retriggerable, or as a gate 
input for the internal clock. The counter/timers can be 
programmably cascaded by connecting the To output to the 
input of T-|. Port 3 line P36 also serves as a timer output 
(Tqut) through which To, Ti or the internal clock can be 
output. 



I/O PORTS 



The Z86L81/85 has 24 lines available for input and output. 
These lines are grouped into three ports of eight lines each 
and are configurable as input, output, or address. Under 
software control, the ports can be programmed to provide 
address outputs, timing, status signals, serial I/O, and 
parallel I/O with or without handshake. All ports have active 
pull-ups and pull-downs compatible with TTL loads. 



Port 1 is a dedicated Z-BUS-compatible memory interface. 
The operations of Port 1 are supported by the Address 
Strobe (AS) and Data Strobe (DS) lines, and by the 
Read/Write (R/W) and Data Memory (DM) control lines. The 
low-order program and data memory addresses (Aq-Aj) are 
output through Port 1 (Figure 8) and are multiplexed with 
data in/out (D0-D7). Instruction fetch and data memory 
read/write operations are done through this port. 



2037-009 
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Port 1 cannot be used as a register nor can a handshake 
mode be used with this port. 

Both the Z86L81 and Z86L85 wake up with the 8 bits of Port 
1 configured as address outputs for external memory. If 
more than eight address line are required, additional lines 
can be obtained by programming PortO bits as address bits. 
The least-significant four bits of Port can be configured to 
supply address bits As-Ai 1 for 4K byte addressing or both 
nibbles of Port can be configured to supply address bits 
A8-A-15 for 64K byte addressing. 

Port can be programmed as a nibble I/O port or as an 
address port for interfacing external memory (Figure 9). 
When used as an I/O port, Port can be placed under 
handshake control. In this configuration, Port 3 line s P32 
and P35 are used as the handshake controls DAVo and 
RDYq. Handshake signal assignment is dictated by the I/O 
direction of the upper nibble PO4-PO7. 

For external memory references, Port can provide address 
bits A8-A11 (lower nibble) or A8-A15 (lower and upper 
nibbles) depending on the required address space. If the 
address range requires 1 2 bits or less, the upper nibble of 
Port can be programmed independently as I/O while the 
lower nibble is used for addressing. 

Port lines float after reset; their logic state is unknown until 
the execution of an initialization routine that configures 
PortO. 

Such an initialization routine must reside within the first 256 
bytes of executable code and must be physically mapped 
into memory by forcing the Port address lines to a known 
state (Figure 10). The proper port initialization sequence is: 

1 . Write initial address (A 8 -A-| 5 ) of initialization routine to Port 
address lines. 

2. Configure Port Mode register to output A8-A-15 (or 
A8-A11). 

To permit the use of slow memory, an automatic wait mode of 
two oscillator clock cycles is configured for the bus timing of 
the Z86L81 after each reset. The initialization routine could 
include reconfiguration to eliminate this extended timing 
mode. 
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Figure 8. Port 1 
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Figure 9. Port 

The following example illustrates the manner in which an 
initialization routine can be mapped in a system with 4K of 
memory. 

Example. In Figure 10, the initialization routine is mapped to 
the first 256 bytes of program memory. Pull-down resistors 
maintain the address lines at a logic level when these lines 
are floating. The leakage current caused by fanout must be 
taken into consideration when selecting the value of the 
pulldown resistors. The resistor value must be large enough 
to allow the Port output driver to pull the line to a logic 1 . 
Generally, pulldown resistors are incompatible with TTL 
loads. If Port drives into TTL input loads (I low = 1 -6 mA) 
the external resistors should be tied to Vqc and the 
initialization routine put in address space FFOOh-FFFFh- 
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Figure 10. Port Address Lines Tied to Logic 
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Port 2 bits can be programmed independently as input or 
output (Figure 11). This port is always available for I/O 
operations. In addition, Port 2 can be configured to provide 
open-drain outputs. 

Like Port 0, Port 2 can also be placed under handshake 
control. In this configuration, Port 3 li nes P 3j and P36 are 
used as the handshake controls lines DAV2 and RDY2. The 
handshake signal assignment for Port 3 lines P3i and P36 is 
dictated by the direction (input or output) assigned to bit 7 of 
Port 2. 



Port 3 lines can be configured as I/O or control lines (Figure 
12). In either case, the direction of the eight lines is fixed as 
four input (P3 -P3 3 ) and four output (P3 4 -P3 7 ). For serial I/O, 
lines P3o and P37 are programmed as serial in and serial 
out, respectively. 

Port 3 can also provide the following control functions: 
handshake for Ports and 2 (DAV and RDY); four external 
interrupt request signals (IRQ0-IRQ3); timer input and 
output signals (Tin and Tout) an d Data Memory Select 
(DM). 
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Figure 11. Port 2 
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Figure 12. Port 3 
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INTERRUPTS 



The Z86L81/85 allows six different interrupts from eight 
sources: the four Port 3 lines P3o-P33, Serial In, Serial Out, 
and the two counter/timers. These interrupts are both 
maskable and prioritized. The Interrupt Mask register 
globally or individually enables or disables the six interrupt 
requests. When more than one interrupt is pending, 
priorities are resolved by a programmable priority encoder 
that is controlled by the Interrupt Priority register. 

All interrupts are vectored through locations in program 
memory. When an interrupt request is granted, an interrupt 
machine cycle is entered. This disables all subsequent 



interrupts, saves the Program Counter and status flags, and 
accesses the program memory vector location reserved for 
that interrupt. In the Z86L81/85, this memory location and 
the next byte contain the 16-bit address of the interrupt 
service routine for that particular interrupt request. The 
Z86L81/85 takes 26 system clock cycles to enter an 
interrupt subroutine. 

Polled interrupt systems are also supported. To accom- 
modate a polled structure, any or all of the interrupt inputs 
can be masked and the Interrupt Request register polled to 
determine which of the interrupt requests needs service. 



CLOCK 

Z86L81 

The on-chip oscillator has a high-gain, parallel-resonant 
amplifier for connection to a crystal or to any suitable 
external clock source (XTAL 1 = Input, XTAL2 = Output). 

The crystal source is connected across XTAL1 and XTAL2, 
using the recommended capacitance (Cl = 15 pf 
maximum) from each pin to ground. The specifications for 
the crystal are as follows: 

■ AT cut, parallel-resonant 



■ Fundamental type 

■ Series resistance, R s < 1 00Q 

■ 8 MHz maximum 

Z86L85 

The Z86L85 has one pin for external oscillator input. 
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POWER DOWN STANDBY OPTION 

The low-power standby mode allows power to be removed 
from the Z86L85 without losing the contents of the 124 
general-purpose registers. This mode is available only to the 
user as a bonding option whereby pin 2 (normally XTAL2) is 
replaced by the Vmm (standby) power supply input. This 
necessitates the use of an external clock generator (input = 
XTAL1) rather than a crystal source. 

The removal of power, whether intended or due to power 
failure, must be preceded by a software routine that stores 
the appropriate status into the register file. Figure 13 shows 
the recommended circuit for a battery back-up supply 
system. 



+ 5V O 



TRICKLE 
CHARGE 



y? 




— M 



^ 



Vdd 



Z86L85 
MCU 

XTAL2 

(V MM ) 



i 



Figure 13. Recommended Driver Circuit for 
Power-Down Operation of Z86L85 



INSTRUCTION SET NOTATION 



Addressing Modes. The following notation is used to 
describe the addressing modes and instruction operations 
as shown in the instruction summary. 

IRR Indirect register pair or indirect working register pair 

address 

Irr Indirect working register pair only 

X Indexed address 

DA Direct address 

RA Relative address 

IM Immediate 

R Register or working register address 

r Working register address only 

IR Indirect-register or indirect working register 

address 

Ir Indirect working register address only 

RR Register pair or working register pair address 

Symbols. The following symbols are used in describing the 
instruction set. 

dst Destination location or contents 

src Source location or contents 

cc Condition code 

@ Indirect address prefix 

SP Stack pointer (control registers 254-255) 

PC Program counter 

FLAGS Flag register (control register 252) 

RP Register pointer (control register 253) 



IMR Interrupt mask register (control register 251 ) 

Assignment of a value is indicated by the symbol "*-". For 
example, 

dst *- dst + src 
indicates that the source data is added to the destination 
data and the result is stored in the destination location. The 
notation "addr(n)" is used o refer to bit "n" of a given 
location. For example, 

dst (7) 
refers to bit 7 of the destination operand. 

Flags. Control Register R252 contains the following six 



Carry flag 
Zero flag 
Sign flag 
Overflow flag 
Decimal-adjust flag 
Half-carry flag 

Affected flags are indicated by: 

Cleared to zero 

1 Set to one 

* Set or cleared according to operation 

— Unaffected 
X Undefined 



C 

z 
s 

V 
D 
H 
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2343-012 



CONDITION CODES 



Value 



Mnemonic 



Meaning 



Flags Set 



1000 
0111 

1111 

0110 
1110 
1101 
0101 
0100 
1100 
0110 
1110 
1001 
0001 
1010 
0010 

1111 

0111 
1011 
0011 
0000 





Always true 




— 




c 


Carry 




C- 1 




NC 


No carry 




c = o 




z 


Zero 




z = o 




NZ 


Not zero 




z = o 




PL 


Plus 




s = o 




Ml 


Minus 




S= 1 




OV 


Overflow 




V= 1 




NOV 


No overflow 




v = o 




EQ 


Equal 




Z= 1 




NE 


Not equal 




z = o 




GE 


Greater than or equal 




(SXORV) = 


N 


LT 


Less than 




(SXORV) = 1 


i 


GT 


Greater than 




[ZOR(SXORV)] = 




LE 


Less than or equal 




[ZOR(SXORV)] = 1 


UGE 


Unsigned greater than or equal 


C = 


00 


ULT 


Unsigned less than 




C = 1 


01 


UGT 


Unsigned greater than 




(C = 0ANDZ = 0) = 1 




ULE 


Unsigned less than or equal 


(CORZ)= 1 






Never true 




— 





INSTRUCTION FORMATS 



CCF, Dl, El, IRET, NOP, 
RCF, RET, SCF 



One-Byte Instruction 



| MODE 



CLR, CPL, DA, DEC, 

OR h 1 1 oldst/src I DECW ' INC ' ,NCW ' P0P ' 
OR I 1 1 1 °l ast/8rc I push, RL, RLC, RR, 

RRC, SRA, SWAP 



OR |1 1 1 0| dst | 



I opc 


MODE 


| dst 


src 



MODE 


OPC 


dst/src 


src/dst 



dst/src | QPcT 



dst/CC OPC 



JP, CALL (Indirect) 



ADC, ADD, AND, 
CP, OR, SBC, SUB, 
TCM, TM, XOR 



LD, LDE, LDEI, 
LDC, LDCI 



OR |1 1 1 0| src | 



OPC MODE 



OPC I mqdT 



MODE | Qp"c~ 



DA U 



PAl 



DA L 



1110 


src 


1110 


dst 



ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 



ADC, ADD, AND, CP, 

OR 11 1 1 Ol dst I LD ' 0R » SBC » SUB » 
OR I 1 1 n ° l dst I TCM, TM, XOR 



MODE 


OPC 


dst/src 


X 


ADDRESS 



1110 


src 


1110 


dst 



Two-Byte Instruction 



Figure 14. Instruction Formats 



Three-Byte Instruction 
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INSTRUCTION SUMMARY 



Instruction 
and Operation 


AddrMode 


Opcode 
Byte 
(Hex) 


Flags Affected 


dst src 


C Z S V D H 


ADC dst.src 

dst *- dst + src + C 


(Notel) 


1D 


* * * * * 


ADD dst, src 
dst *- dst + src 


(Notel) 


on 


* * * * * 


AND dst.src 
dst*- dst AND src 


(Notel) 


5D 


— * * 


CALL dst 

SP-SP -2 
@SP*-PC;PC*-ds1 


DA 
IRR 


D6 
D4 




CCF 

C*-NOTC 




EF 


* 


CLR dst 

dst*-0 


R 
IR 


BO 

B1 




COM dst 

dst*- NOT dst 


R 
IR 


60 
61 


— * * 


CP dst.src 
dst - src 


(Notel) 


AD 


* * * * 


DA dst 
dst*- DA dst 


R 
IR 


40 
41 


* * * X 


DEC dst 

dst «- dst- 1 


R 
IR 


00 
01 


— * * * 


DECWdst 

dst *- dst - 1 


RR 
IR 


80 
81 


— * * * 


Dl 

IMR(7)*-0 




8F 





DJNZ r.dst 
r*-r - 1 
ifr#0 

PC*-PC + dst 
Range: +127,-128 



RA 



El 

IMR(7)«-1 



rA 
r = 0- F 

9F 



INC dst 


r 


rE 


- * * * 


dst *- dst + 1 




r = 0-F 






R 


20 






IR 


21 





INCW dst RR 

dst*-dst + 1 IR 


AO 
A1 




— * * * 


IRET 

FLAGS *-@SP;SP*-SP + 1 

PC *- @SP; SP *- SP + 2; IMR (7) *- 


BF 

1 




****** 


JP cc.dst DA 
if cc is true c 
PC*- dst IRR 


cD 

= 0- 

30 


F 





Addr Mode Opcode Flags Affected 

Byte 

dst src (Hex) C Z S V D H 



Instruction 
and Operation 



JR cc.dst 
if cc is true, 

PC *- PC + dst 
Range: +127,-128 



RA 



cB 
c = 0- F 



LD dst.src 
dst *- src 



r Im 
r R 
R r 



r 

X 
r 
Ir 
R 
R 
R 
IR 
IR 



X 
r 
Ir 
r 

R 
IR 
IM 
IM 
R 



rC 
r8 
r9 
r = 0- F 
C7 
D7 
E3 
F3 
E4 
E5 
E6 
E7 
F5 



LDC dst.src 
dst *- src 


r 
Irr 


Irr 
r 


C2 
D2 




LDCI dst.src 

dst *- src 

r *- r + 1 ; rr *- rr + 1 


Ir 
Irr 


Irr 
Ir 


C3 
D3 




LDE dst.src 
dst *- src 


r 
Irr 


Irr 
r 


82 
92 




LDEI dst.src 

dst *- src 

r *- r + 1 ; rr *- rr + 1 


Ir 
Irr 


Irr 
Ir 


83 
93 




NOP 






FF 




OR dst.src 

dst *- dst OR src 


(Notel) 


4D 


— * * 


POP dst 

dst *- @SP; 
SP*-SP + 1 


R 
IR 




50 
51 




PUSH src 

SP*-SP- 1;@SP*-i 


src 


R 
IR 


70 
71 




RCF 

c*-o 






CF 





RET 

PC *- @SP; SP *- SP + 2 




AF 






R 
IR 




90 
91 




HLdst ^J^-jJ 


* * * * 




R 
IR 




10 
11 




"LCdst^^ 


* * * * 








R 
IR 




EO 

E1 




RR d«t | I J 


* * * * 


4cj 4? oj-J 
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INSTRUCTION SUMMARY (Continued) 



Instruction 
and Operation 


AddrMode 
dst src 


Opcode 
Byte 
(Hex) 


Flags Affected 
C Z S V D H 






CO 
C1 




""c^Lghf- 


- j ir 


* * * * 


SBC dst.src 

dst *- dst *- src *- C 


(Notel) 


3D 


* * * * 1 * 


SCF 

C-1 




DF 


1 






DO 
D1 




SRAdst^^ 


"^ IR 


* * * 


SRP src 

RP — src 


Im 


31 




SUB dst.src 

dst *- dst «- src 


(Notel) 


2D 


* * * * 1 * 


SWAP dst pJLip 


L-i R 

J in 


FO 
F1 


X * * X 




r^ ir 




TCM dst.src 
(NOT dst) AND src 


(Notel) 


6D 


— * * 


TM dst.src 
dst AND src 


(Notel) 


7D 


— * * 





AddrMode 


Opcode 
Byte 
(Hex) 


Flags Affected 


Instruction 
and Operation 


dst src 


C Z S V D H 


XOR dst.src 

dst *- dst XOR src 


(Notel) 


BD 


— * * 



NOTE: These instructions have an identical set of addressing modes, 
which are encoded for brevity. The first opcode nibble is found in 
the instruction set table above. The second nibble is expressed 
symbolically by a D in this table, and its value is found in the 
following table to the left of the applicable addressing mode pair. 
For example, the opcode of an ADC instruction using the 
addressing modes r (destination) and Ir (source) is 13. 



Lower 
Opcode Nibble 



AddrMode 


dst 


src 


r 


r 


r 


Ir 


R 


R 


R 


IR 


R 


IM 


IR 


IM 



m 
m 
s 
m 

m 



5 



CO 

en 



8085-003 
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REGISTERS 



R240SIO 
Serial I/O Register 

(FOh; Read/Write) 

| P y 1 P 6 1 D s 1 D4 1 D 3 1 Da 1 Pi 1 Dp I 



- SERIAL DATA (D - LSB) 



R244TO 
Counter/Timer Register 

(F4 H ; Read/Write) 



I p y j p, I p s 1 p 4 j p 3 1 P 2 j p, 1 Ppj 



T, INITIAL VALUE (WHEN WRITTEN) 
(RANGE: 1-2S6 DECIMAL 01-00 HEX) 
T CURRENT VALUE (WHEN READ) 



R241 TMR 
Time Mode Register 

(F1h; Read/Write) 



R245 PREO 
Prescaler Register 

(F5h; Write Only) 



E 



PejPs 



■ 11 

Tm MODES 
EXTERNAL CLOCK INPUT - 00 
GATE INPUT « 01 
TRIGGER INPUT - 10 ■ 
(NON-RETRIGGERABLE) 

TRIGGER INPUT - 11 
(RETRIGQERABLE) 



0410310210,1071 



\h: 



NO FUNCTION 
LOAD T 



| P 7 1 P„ | P 5 



DISABLE T COUNT 
1 - ENABLE T COUNT 



P4 I P« I P 2 1 Pi I Pol 



L 



COUNT MODE 

-T SINGLE-PASS 

1 - T MODULON 

-RESERVED (MUST BE 0) 



PRESCALER MODULO 
-(RANGE: 1-64 DECIMAL 
01-00 HEX) 



R242 T1 
Counter Timer 1 Register 

(F2h; Read/Write) 

| p r | p, | p s I p 4 1 p 3 1 p 2 1 p, |"p7| 



R246 P2M 
Port 2 Mode Register 

(F6 H ; Write Only) 

|P7|P.|D,|P«|D>|P,|Di|P.| 



T, INITIAL VALUE (WHEN WRITTEN) 

-(RANGE 1-256 DECIMAL 01-00 HEX) 

T, CURRENT VALUE (WHEN READ) 



P2o-l 
- ODI 



P2, I/O DEFINITION 
. JEFINES BIT AS OUTPUT 
1 DEFINES BIT AS INPUT 



R243PRE1 
Prescaler 1 Register 

(F3 H ; Write Only) 



R247 P3M 
Port 3 Mode Register 

(F7 H ; Write Only) 



| P7 I D 8 1 Ds 



EH 



I p 7 1 p, I p, I p 4 



COUNT MODE 
- 1 - T, MODULO-N 
» T, SINGLE-PASS 

CLOCK SOURCE 
_ 1 = T, INTERNAL 
= T, EXTERNAL 
TIMING INPUT 
(T IN ) MODE 

PRESCALER MODULO 
-(RANGE: 1-64 DECIMAL 



PalPalP^Pol 

L. 



-RESERVED (MUST BE 0) 



P3s = 



INPUT 
INPUT 



P34 = 
P34 = 



P3i = INPUT (T IN ) P3e = 

1 P3i = BAV2/RDY2 P3« = 

^.0 P3o = INPUT P3 7 x 

1 P3o = SERIAL IN P3 7 = 



OUTPUT 
DIH 



Figure 15. Control Registers 
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2343-013 



REGISTERS 

(Continued) 



R248P01M 
Port Register 

(F8 H ; Write Only) 



10,10,10,10, 



P0 4 -P07 MODE 
OUTPUT « 00 | 



OUTPUT « 
INPUT * 
A„-A, s - 1X 

EXTERNAL 
MEMORY TIMING - 
NORMAL - 
* EXTENDED - 1 



D 3 1 D 2 1 0, I D | 



T- 



STACK SELECTION 
- - EXTERNAL 
1 - INTERNAL 



- RESERVED (MUST BE 0) 



R252 FLAGS 
Flag Register 

(FCh; Read/Write) 

10,10,10,10410310210,1001 



Li 



-USER FLAG F1 

USER FLAG F2 
-HALF CARRY FLAG 
-DECIMAL ADJUST FLAG 
-OVERFLOW FLAG 



'ALWAYS EXTENDED TIMING AFTER RESET 



R249 IPR 
Interrupt Priority Register 

(F9h; Write Only) 



R253 RP 
Register Pointer 

(FDh; Read/Write) 



| D 7 | D, | D 5 | D 4 I D 3 J D 2 | D, I D "| 



IRQ3, IROS PRIORITY (GROUP A) 

= IRQ5 > IRQ3 ~ 

1 = IRQ3 > IROS 

IROO, IRQ2 PRIORITY (GROUP B) 

= IRQ2 > IROO - 

1 = IROO > IRQ2 



IRQ1, IRQ4 PRIORITY (GROUP C) 

= IRQ1 > IRQ4 - 

1 = IR04 > IR01 



INTERRUPT GROUP PRIORITY 
RESERVED = 000 
C > A > B = 001 
- A > B > C = 010 
A > C > B = 011 
B > C > A = 100 
C > B > A = 101 
B > A > C = 110 
RESERVED = 111 



|D y |D,|D s |P 4 |D 3 |D a |D 1 |D | 



il 



R250 IRQ 
Interrupt Request Register 

(FA H ; Read/Write) 



10,10,10,10410310210,1001 
RESERVED (MUST BE 0) ——I I 



- IROO m P32 INPUT (Do ■ IRQC 
IRQ1 - P33 INPUT 
IR02 - P3i INPUT 
IRQ3 - P3o INPUT, SERIAL IN 
IRQ4 » To, SERIAL OUTPUT 
IRQ5 » Ti 



R254SPH 
Stack Pointer 

(FEh; Read/Write) 

10,10,10,10410,10210,10,1 



_ STACK POINTER UPPER 



R251 IMR 
Interrupt Mask Register 

(FB H ; Read/Write) 

I p 7 1 p, I p 5 1 p 4 1 p 3 1 p 2 1 p, | pT| 



R255SPL 
Stack Pointer 

(FF H ; Read/Write) 

|p 7 [p,|p 5 |p 4 |p 3 |p 2 |p, [po| 



L 



1 ENABLES IRQO-IRQS 



- RESERVED (MUST BE 0) 
-1 ENABLES INTERRUPTS 



_ STACK POINTER LOWER 
BYTE (SPo-SP,) 



Figure 15. Control Registers (Continued) 
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Z86L81/85 OPCODE MAP 



z 

a 

3 



Lower Nibble (Hex) 
6 7 8 9 



6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


6,5 


6,5 


12/10,5 


12/10,0 


6.5 


12/10,0 


6,5 




DEC 


DEC 


ADD 


ADD 


ADD 


ADD 


ADD 


ADD 


LD 


LD 


DJNZ 


JR 


LD 


jp 


INC 




Ri 


iRi 


«V2 


n.ir 2 


R 2 ,Ri 


IR2.R1 


Ri.lM 


IRi.lM 


ri.R 2 


<-2.Ri 


n,RA 


cc.RA 


ri.lM 


cc.DA 


r1 




6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 
































RLC 


RLC 


ADC 


ADC 


ADC 


ADC 


ADC 


ADC 
































Ri 


IRi 


ri.r 2 


ri.!r 2 


R2.R1 


IR2.R1 


Ri,IM 


IRl.lM 
































6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




INC 


INC 


SUB 


SUB 


SUB 


SUB 


SUB 


SUB 
































Ri 


IRi 


IV2 


ri.lr 2 


R 2 ,Ri 


IR2.R1 


Ri.lM 


IRi.lM 
































8,0 


6,1, 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




JP 


SRP 


SBC 


SBC 


SBC 


SBC 


SBC 


SBC 
































IRRi 


IM 


•V2 


h. Ir 2 


R2.R1 


IR2.R1 


Ri.lM 


IRi.lM 
































8,5 


8,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




DA 


DA 


OR 


OR 


OR 


OR 


OR 


OR 
































Ri 


IRi 


"V2 


n.i'2 


R2.R1 


IR2.R1 


Ri.lM 


IRi.lM 
































10,5 


10,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




POP 


POP 


AND 


AND 


AND 


AND 


AND 


AND 
































Ri 


IRi 


IV2 


n.l'2 


R2.R1 


IR 2 ,Ri 


Ri.lM 


IRi.lM 
































6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




COM 


COM 


TCM 


TCM 


TCM 


TCM 


TCM 


TCM 
































Ri 


IRi 


n.r 2 


ri ,lr 2 


R2.R1 


IR2.R1 


Ri.lM 


IRi.lM 
































10/12,1 


12/14,1 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




PUSH 


PUSH 


TM 


TM 


TM 


TM 


TM 


TM 
































R 2 


IR 2 


■V2 


ri.lr 2 


R2.R1 


IR2.R1 


Ri.lM 


IRi.lM 
































10,5 


10,5 


12,0 


18,0 










6,1 


DECW 


DECW 


LDE 


LDEI 






































Dl 


RRi 


IRi 


n.lrr 2 


lri,lrr 2 








































6,5 


6,5 


12,0 


18,0 










6,1 


RL 


RL 


LDE 


LDEI 






































El 


Ri 


IRi 


r 2 .lrri 


' r 2.' rr 1 








































10,5 


10,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


14,0 


INCW 


INCW 


CP 


CP 


CP 


CP 


CP 


CP 






























RET 


RRi 


IRi 


ri.r 2 


i"l,lr 2 


R 2 ,Ri 


IR2.R1 


Ri.lM 


IRi.lM 
































6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


16,0 


CLR 


CLR 


XOR 


XOR 


XOR 


XOR 


XOR 


XOR 






























IRET 


Ri 


IRi 


•V2 


h,lr 2 


R2.R1 


IR2.R1 


Ri.lM 


IRi.lM 
































6,5 


6,5 


12,0 


18,0 








10,5 


6,5 


RRC 


RRC 


LDC 


LDCI 








LD 






























RCF 


Ri 


IRi 


ri,lrr 2 


li"l.lrr 2 








ri,x,R 2 
































6,5 


6,5 


12,0 


18,0 


20,0 




20,0 


10,5 


6,5 


SRA 


SRA 


LDC 


LDCI 


CALL* 




CALL 


LD 






























SCF 


Ri 


IRi 


r 2 .lrr 1 


lr 2 ,lrri 


IRRi 




DA 


r 2 .x,Ri 
































6,5 


6,5 




6,5 


10,5 


10,5 


10,5 


10,5 


6,5 


RR 


RR 




LD 


LD 


LD 


LD 


LD 






























CCF 


Ri 


IRi 




M.IR2 


R2.R1 


IR2.R1 


Ri.lM 


IRi.lM 
































8,5 


8,5 




6,5 




10,5 






6,0 


SWAP 


SWAP 




LD 




LD 


































NOP 


Ri 


IRi 




in,r 2 




R2.IR1 






\ 


\ 


\ 


\ 


\ 


J 


\ 


\ 


\ 


r 


\ 


\ 


\ 


\ 





LOWER 
OPCODE 
NIBBLE 



Bytes per Instruction 



EXECUTION 
CYCLES 



\^S 



PIPELINE 
CYCLES 



UPPER 

OPCODE - 

NIBBLE 



10,5 
CP 

R2.R1 



FIRST, 
OPERAND 



■AX 



SECOND 
OPERAND 



Legend: 

R = 8-bit address 
r = 4-bit address 
Ri orri - Dst address 
R 2 or r 2 = Src address 

Sequence: 

Opcode, First Operand, Second Operand 

NOTE- The blank areas are not defined 



*2-byte instruction, fetch cycle appears as a 3-byte instruction 
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ABSOLUTE MAXIMUM RATINGS 

Voltages on all pins* with respect 

toGND -0.3V to +7.0V 

Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°Cto +150°C 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above these indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



* Except RESET 



STANDARD TEST CONDITIONS 

The DC characteristics listed below apply for the following 
standard test conditions, unless otherwise noted. All 
voltages are referenced to GND. Positive current flows into 
the referenced pin. 

Standard conditions are as follows: 

■ + 4.75V <V CC < + 5.25V 

■ GND = 0V 

■ °C < T A < + 70 °C f or S (Standard tern peratu re) 



+ 5V 



; 1.5k £ 1.5k 

74LS04 I 74LS04 



CLOCK 
IN 



— >- 



>- 



00 



FROM OUTPUT , 
UNDER TEST ' 



I*-* =? e) 2 ^ 




Figure 17a. Z86L81 External Clock Interface Circuit 



. 1.5K 



74LS04 
CLOCK _^ >0 _ 



Figure 16. Test Load 1 



Figure 17b. Z86L85 External Clock Interface Circuit 



DC CHARACTERISTICS 



Symbol 



Parameter 



Min 



Max 



Unit 



Test Condition 



V C h Clock Input High Voltage 3.8 V C c V 

Vql Clock Input Low Voltage -0.3 0.8 V 

Vih Input High Voltage 2 V cc V 

V||_ Input Low Voltage -0.3 0.8 V 

Vrh Reset Input High Voltage 3.8 Vcc v 



Driven by External Clock Generator 
Driven by External Clock Generator 



Vrl Reset Input Low Voltage -0.3 0.8 V 

Vqh Output High Voltage 2.4 V Iqh = -250/iA 

Vol Output Low Voltage 0.4 V 'ol = + 2.0 mA 

l|L InputLeakage -10 10 i*A 0V<V tN < + 5.25V 

Iql Output Leakage -10 10 pA 0V< V| N < + 5.25V 



I|r Reset Input Current 

Ice v cc Supply Current 

'MM V MM Supply Current 

Vmm Backup Supply Voltage 



- 50 mA V C c = + 5.25V, V RL = 0V 

90 mA 8 MHz Clock (86L81/85-8L) 

1 mA Power Down Mode (Z86L85 only) 

Vcc V Power Down (Z86L85 only) 



2343-014,015,016 
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AC CHARACTERISTICS 

External I/O or Memory Read and Write Timing 
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DM 
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AS 



DS 
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DS 
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X 
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Figure 18. External I/O or Memory Read/Write Timing 



Number Symbol 



Parameter 



Z86L81/85-8L 
Min Max 



Notes** t° 



1 


TdA(AS) 


2 


TdAS(A) 


3 


TdAS(DR) 


4 


TwAS 


5 


TdAz(DS) 


6 


TwDSR 


7 


TwDSW 


8 


TdDSR(DR) 


9 


ThDR(DS) 


10 


TdDS(A) 


11 


TdDS(AS) 


12 


TdR/W(AS) 


13 


TdDS(R/W) 


14 


TdDW(DSW) 


15 


TdDS(DW) 


16 


TdA(DR) 


17 


TdAS(DS) 



Address Valid to AS t Delay 

AS t to Address Float Delay 

AS t to Read Data Required Valid 

AS Low Width 

Address Float to DS I 

DS (Read) Low Width 



50 
70 

80 



250 



360 



1,2 
1,2 
1,2,3 
1,2 

1,2,3 



DS (Write) Low Width 

DS I to Read Data Required Valid 

Read Data to DS t Hold Time 

DS t to Address Active Delay 

DSt to AS I Delay 

R/W Valid to AS t Delay 



160 


70 
70 
50 



200 



1,2,3 
1,2,3 

1,2 
1,2 
1,2 



DSt to R/W Not Valid 60 

Write Data Valid to DS (Write) I Delay 50 

DS t to Write Data Not Valid Delay 70 
Address Valid to Read Data Required Valid 

AS t to DS I Delay 80 



410 



1,2 
1,2 
1,2 
1,2,3 
1,2 



NOTES: 

1 . Timing numbers given are for minimum TpC. 

2. Also see clock cycle time dependent characteristics table. 

3. When using extended memory timing add 2 TpC. 



t All timing references use 2.0V for a logic "1" and 0.8V for a logic "0". 

* All units in nanoseconds (ns). 

t Timings are preliminary and subject to change. 

Test Load 1 
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AC CHARACTERISTICS 

Additional Timing Table 



CLOCK 



Tin 



■ROn 



-©- 



^ , ^ — T-© -4 ♦© T— <d-4 



-CD— 




wcz: 



Figure 19. Additional Timing 









Z86L81/85-8L 




00 


Number 


Symbol 


Parameter 


Min 


Max 


Notes*t 


en 


1 


TpC 


Input Clock Period 


125 


1000 


1 




2 


TrC.TfC 


Clock Input Rise and Fall Times 




25 


1 




3 


TwC 


Input Clock Width 


37 




1 




4 


TwTinL 


Timer Input Low Width 


100 




2 




5 


TwTinH 


Timer Input High Width 


3TpC 




2 




6 


TpTin 


Timer Input Period 


8TpC 




2 




7 


TrTin.TfTin 


Timer Input Rise and Fall Times 




100 


2 




8 


TwIL 


Interrupt Request Input Low Time 


100 
3TpC 




2,3 
2,4 




9 


TwIH 


Interrupt Request Input High Time 


3TpC 




2,3 





NOTES: 

1 . Clock timing references use 3.8V for a logic "1" and 0.8V for a logic "0". 

2. Timing references use 2.0V for a logic "1" and 0.8V for a logic "0". 

3. Interrupt request via Port 3, P3 r P3 3 . 



4. Interrupt request via Port 3, P3q. 

* All units in nanoseconds (ns). 

t Timings are preliminary and subject to change. 
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AC CHARACTERISTICS 

Handshake Timing 



DATA IN 



DAV 

(INPUT) 



RDY 

(OUTPUT) 



DATA OUT 



DAV 

(OUTPUT) 

RDY 

(INPUT) 



X 



©■ 



X 



DATA IN VALID 



\ 



Q> 



-a>- 
-0- 



x 



af 



=\ 



-©- 



Figure 20a. Input Handshake Timing 



DATA OUT VALID 



\ 



-©- 



Figure 20b. Output Handshake Timing 



/ 



\rr 



r 



-®- 



<s> 



I 



Number Symbol 



Parameter 



Z86L81/85-8L 
Min Max 



Notestt* 



TsDI(DAV) 

ThDI(DAV) 

TwDAV 

TdDAVIf(RDY) 

TdDAVQf(RDY) 



Data In Setup Time 
Data In Hold Time 
Data Available Width 
LW \ Input to RDY I Delay 
LW \ Output to RDY \ Delay 




230 
175 



175 



1,2 
1,3 



TdDAVIr(RDY) 
TdDAVOr(RDY) 
TdDO(DAV) 
TdRDY(DAV) 



DAV t Input to RDY t Delay 
LW t Output to RDY t Delay 
Data Out to LW I Delay 
Rdy \ Input to LW t Delay 





50 




175 



200 



1,2 
1,3 

1 

1 



NOTES: 

1 . Test load 1 

2. Input handshake 

3. Output handshake 



t All timing references use 2.0V for a logic "1" and 0.8V for a logic "0". 

* All units in nanoseconds (ns) 

t Timings are preliminary and subject to change. 
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CLOCK CYCLE TIME-DEPENDENT CHARACTERISTICS 








Z86L81/85-8L 






Z86L81/85-8L 




8 MHz 






8 MHz 


Number 


Symbol Equation 


Number 


Symbol 


Equation 


1 


TdA(AS) TpC-75 


13 


TdDS(R/W) 


TpC-65 


2 


TdAS(A) TpC-55 


14 


TdDW(DSW) 


TpC-75 


3 


TdAS(DR) 4TpC-140* 


15 


TdDS(DW) 


TpC-55 


4 


TwAS TpC-45 


16 


TdA(DR) 


5TpC-215* 


6 


TwDSR 3TpC-125* 


17 


TdAS(DS) 


TpC-45 


7 


TwDSW 2TpC-90* 








8 


TdDSR(DR) 3TpC-175* 








10 


Td(DS)A TpC-55 








11 


TdDS(AS) TpC-55 








12 


TdR/W(AS) TpC-75 








*Add 2TpC when 


using extended memory timing 









ORDERING INFORMATION 



Z8 Low Power ROM less MCU, 8.0 MHz 
40-pin DIP 44-pin PCC 

Z86L81 PS Z86L81 VSf 

Z86L81 CS 



Z8 Low Power-Down ROMIess MCU, 8.0 MCU 
40-pin DIP 44-pin LCC 

Z86L85PS Z86L85VSf 

Z86L85CS 



Codes 

First letter is for package; second letter is for temperature. 

C = Ceramic DIP 
P = Plastic DIP 
L = Ceramic LCC 
V = Plastic PCC 



TEMPERATURE 
S = 0°Cto+70°C 
E = -40°Cto+85°C 
M*= -55°Cto+125°C 

* For Military Orders, contact your local Zilog Sales Office for Military 
Electrical Specifications. 
fAvailable soon. 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 

FLOW 

B = 883 Class B 
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Super-8 



Family 



Zilog 



Super-8 Family 



March 1985 



With the new Super-8 family, Zilog 
continues its tradition of powerful 
register-based architecture. The 
Super-8 makes history as the most 
powerful and cost effective 8-bit 
controller available. It outperforms 
many 1 6- bit designs and costs less 
than many 8-bit designs. Zilog is 
using our new, advanced NMOS 
process with the Super-8. Z4 is a 
double poly NMOS process with a 2 
micron silicon gate. With Z4, Zilog 
has created a new generation of 
single-chip microcomputers that run 
with crystal frequencies starting at 
20 MHz. 



The Super-8 family begins with 
the Z8 instruction set and adds many 
arithmetic, bit control, and flow con- 
trol instructions. The architecture 
includes a 338 byte register set, 
which can implement a 256-byte 
ring buffer with room to spare. 

The Super-8 hardware includes a 
fast interrupt mode (600 ns for the 
20 MHz version); this allows unprec- 
edented reaction time for process 
control and synchronization. It is 
available with 0, 4, 8, or 1 6 KBytes 
of ROM, and a fifth 8-bit port in the 
48-pin version. Hardware DMA 
permits coprocessing and resource 
sharing. 



All Super-8 family members have 
corresponding EPROM-based pro- 
topack parts available for prototyp- 
ing and short-run production. The 
protopacks work with standard 
2732, 2764, or 271 28 EPROMs. 
In-circuit emulation is provided by 
the Super-8 DM, which runs and 
traces at full speed, and connects to 
any RS232 host for software up/ 
down loading. 
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Super-8 Family of 
Microcomputers 



Zilog 




Preliminary 

Product 

Specification 



April 1985 



FEATURES 

■ Improved Z8 instruction set includes multiply and divide 
instructions, Boolean and BCD operations. 

■ Additional instructions support threaded-code 
languages, such as "Forth." 

■ 325 byte registers, including 272 general-purpose 

registers, and 53 mode and control registers. 

t 

■ From to 16 Kbytes of on-chip ROM with external 
addressing up to 1 28K bytes. 

■ Two register pointers allow use of short and fast 
instructions to access register groups within 600 ns. 

■ Direct Memory Access controller (DMA). 

■ Two 1 6-bit counter/timers. 

■ Up to 40 bit-programmable I/O lines, with 2 handshake 
channels. 



Interrupt structure supports: 

□ 37 interrupt sources 

□ 1 6 interrupt vectors 

□ 8 interrupt levels 

□ Servicing in 600 ns. (1 level only) 

Full-duplex UART with special features. 

Optional additional synchronous/asynchronous multi- 
protocol serial channel (available 1986). 

Optional low-power standby capability permits saving of 
register contents. 

Multiple versions permit design flexibility, efficient 
product development, and cost-effective production. 

On-chip oscillator. 

20 MHz clock. 

Choice of 40- or 48-pin packages. 



! 



GENERAL DESCP'PTION 

The Zilog Super-8 family of single-chip microcomputers 
offers a comprehensive selection of MCUs for development 
and production. They can be used as I/O- or 
memory-intensive computers, or they can be configured to 
address external memory while still supporting many I/O 
lines. 

The Super-8 is available in several different packages and 
configurations. They offer varying amounts of ROM and I/O 
ports, and a choice of addressing capabilities. They all 
feature a full-duplex universal asynchronous receiver/ 
transmitter (UART) with on-chip baud rate generator, two 



programmable counter/timers, a direct memory access 
(DMA) controller, and an on-chip oscillator. 

The Super-8 is available with 4, 8, or 16 Kbytes of internal 
ROM, in 40- or 48-pin packages, and with four or five I/O 
ports. A group of similarly packaged protopack Super-8s is 
available with a "piggy-back" EPROM interface. ROMIess 
versions are also available in 40- and 48-pin packages. A 
special development chip, designed for emulation, is also 
available. 
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The pin assignments for the 40- and 48- pin packages, and the piggyback EPROM interface appear in Figure 1 . 
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a) 40-pin DIP 



b) 48-pin DIP 



c) 28-pin Protopack 



Figure 1 . Pin Assignments 



ARCHITECTURE 



The Super-8 architecture includes 325 byte-wide internal 
registers. 272 of these are available for general purpose 
use; the remaining 53 provide control and mode functions. 

The instruction set is specially designed to deal with this 
large register set. It includes a full complement of 8-bit 
arithmetic and logical operations, including multiply and 
divide instructions and provisions for BCD operations. 
Addresses and counters can be incremented and 
decremented as 16-bit quantities. Rotate, shift, and bit 
manipulation instructions are provided. Three new 
instructions support threaded-code languages. 



The UART is a full-function multipurpose asynchronous 
serial channel with many premium features. The optional 
SIO provides an additional sync/async channel for full 
duplex protocols. It is similar in function to the Zilog Z8530 
SCC. 

The 16-bit counters can operate independently or be 
cascaded to perform 32-bit counting and timing operations. 
The DMA controller handles transfers to and from the 
register file or memory. DMA can use the UART or one of two 
ports with handshake capability. 

The architecture appears in the block diagram (Figure 2). 
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2355-001 , 002, 003 
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Figure 2. Functional Block Diagram 



PIN DESCRIPTIONS 



The Super-8 connects to external devices via the following 
TTL-compatible pins: 

AS. Address Strobe (output, active Low, 3-state). AS is 
pulsed Low once at the beginning of each machine cycle. 
The rising edge indicatesjhat addresses R/W and DM, 
when used, are valid. AS can be placed in a high- 
impedance state under program control. 

DS. Data Strobe (output, active Low, 3-state). DS provides 
timing for data movement between the address/data bus 
and external memory. During_write cycles, data output is 
valid at the leading edge of DS. During read cycles, data 
input must be valid prior to the trailing edge of DS. It can be 
placed in a high=impedance state under program control 

PO0-PO7, PI0-PI7, P2q-P2 7 , P3 -P3 7 . Port I/O Lines 
(input/output). These 40 lines are divided into five 8-bit I/O 
ports that can be configured under program control for I/O 
or external memory interface. 

Port 1 can be assigned under program control to be a 
multiplexed address/data port, and Port pins can be 
assigned as additional address lines. When configured asa 
memory interface, Ports and 1 , along with AS, DS, R/W, 
and DM, can be placed in a high-impedance state under 
program control. 



Ports 2 and 3 can be assigned on a bit-for-bit basis as 
general I/O or interrupt lines. They can also be used as 
special-purpose I/O lines to support the UART, 
counter/timers, or handshake channels. 

Port 4 is used for general I/O. In 40-pin configurations it is 
present internally but has no connection to external pins. 

During reset, all port pins are configured as inputs (high 
impedance) except for Port 1 and Port in the 40- and 
48-pin ROMIess devices. In these, Port 1 is configured as a 
multiplexed address/data bus, and Port pins PO0-PO4 are 
configured as address out, while pins PO5-PO7 are 
configured as inputs. 



RESET. Reset (input, active Low). Reset initializes and starts 
the Super-8. When it is activated, it halts all processing; 
when it is deactivated, the Super-8 begins processing at 
address 0020h- When held Low, it acts as a register file 
protect during power-up and power-down. It is also used to 
enable test mode, as described in the Test Mode section. 

R/W. Read/Write (output, 3-state). R/W determines the 
direction of data transfer for external memory transactions. It 
is Low when writing to program memory or data memory, 
and High for everything else. 



2355-004 
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XTAL1. (Crystal oscillator input.) These pins connect a 
parallel resonant crystal or an external clock source to the 
on-board clock oscillator and buffer. 



XTAL2. (Crystal oscillator output.) These pins connect a 
parallel resonant crystal or an external clock source to the 
on-board clock oscillator and buffer. 



REGISTERS 



The Super-8 contains a 256-byte internal register space. 
However, by using the upper 64 bytes of the register space 
more than once, a total of 325 registers are available. 

Registers from 00 to BF are used only once. They can be 
accessed by any register command. Register addresses CO 
to FF contain two separate sets of 64 registers. One set, 
called control registers, can only be accessed by register 
direct commands. The other set can only be addressed by 
register indirect, indexed, stack, and DMA commands. 

The uppermost 32 register direct registers (E0 to FF) are 
further divided into two banks (0 and 1), selected by the 
Bank Select bit in the Flag register. When a Register Direct 
command accesses a register between E0 and FF, it looks at 
the Bank Select bit in the Flag register to select one of the 
banks. 

The register space is shown in Figure 3. 
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Figure 3. Register Map 



Working Register Window 

Control registers R214 and R215 are the register pointers, 
RPO and RP1. They each define a moveable, 8-register 
section of the register space. The registers within these 
spaces are called working registers. 

Working registers can be accessed using short 4-bit 
addresses. The process, shown in section a of Figure 4, 
works as follows: 

■ The high-order bit of the 4-bit address selects one of the 
two register pointers (0 selects RPO; 1 selects RP1). 

■ The five high-order bits in the register pointer select an 
8-register (contiguous) slice of the register space. 



■ The three low-order bits of the 4-bit address select one of 
the eight registers in the slice. 

The net effect is to concatenate the five bits from the register 
pointer to the three bits from the address to form an 8-bit 
address. As long as the address in the register pointer 
remains unchanged, the three bits from the address will 
always point to an address within the same eight registers. 

The register pointers can be moved by changing the five 
high bits in control registers R21 4 for RPO and R21 5 for RP1 . 



rl 
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I 4-BIT ADDRESS PROVIDES 3 LOW-ORDER BITS 
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TOGETHER THEY CREATE 
8-BIT REGISTER ADDRESS 

a. 4-Bit Addressing 



rl 











































CTS 
RRP1 






ADDRESS 






^ 


I' 


1 

















RP0(R214) 
RP1 (R215) 



8-BIT 

LOGICAL ADDRESS 
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b. 8-Bit Addressing 
Figure 4. Working Register Window 
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2355-005, 006, 007 



The working registers can also be accessed by using full 
8-bit addressing. When an 8-bit logical address in the range 
192 to 207 (CO to CF) is specified, the lower nibble is used 
similarly to the 4-bit addressing described above. This is 
shown in section b of Figure 4. 

Since any direct access to logical addresses 192 to 207 
involves the register pointers, the physical registers 192 to 



207 can be accessed only when selected by a register 
pointer. After a reset, RPO points to R1 92 and RP1 points to 
R200. 

Register List 

Table 1 lists the Super-8 registers. 



Table 1 . Super-8 Registers 



Address 



Decimal 



Hexadecimal 



Mnemonic 



Function 



General-Purpose Registers 

000-207 00-CF 

192-207 00-CF 

192-255 C0-FF 



General purpose (all address modes) 
Working register (direct only) 
General purpose (indirect only) 



! 

i 

9 



Mode and Control Registers 

208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
224 



225 

226 

227 

228 

229 

235 
236 
237 
239 
240 

241 

244 
245 
246 
247 
248 



DO 




PO 


D1 




P1 


D2 




P2 


D3 




P3 


D4 




P4 


D5 




FLAGS 


D6 




RPO 


D7 




RP1 


D8 




SPH 


D9 




SPL 


DA 




IPH 


DB 




IPL 


DC 




IRQ 


DD 




IMR 


DE 




SYM 


E0 


BankO 


COCT 




Bankl 


COM 


E1 


BankO 


C1CT 




Bankl 


C1M 


E2 


BankO 


COCH 




Bankl 


CTCH 


E3 


BankO 


COCL 




Bankl 


CTCL 


E4 


BankO 


C1CH 




Bankl 


C1TCH 


E5 


BankO 


C1CL 




Bankl 


C1TCL 


EB 


BankO 


UTC 


EC 


BankO 


URC 


ED 


BankO 


UIE 


EF 


BankO 


UIO 


F0 


BankO 


POM 




Bankl 


DCH 


F1 


BankO 


PM 




Bankl 


DCL 


F4 


BankO 


HOC 


F5 


BankO 


H1C 


F6 


BankO 


P4D 


F7 


BankO 


P40D 


F8 


BankO 


P2AM 




Bankl 


UBGH 



PortO I/O bits 

Port 1 (I/O only) 

Port 2 

Port 3 

Port 4 

System flags register 

Register pointer 

Register pointer 1 

Stack pointer high byte 

Stack pointer low byte 

Instruction pointer high byte 

Instruction pointer low byte 

Interrupt request 

Interrupt mask register 

System mode 

CTR control 

CTR mode 

CTR 1 control 

CTR 1 mode 

CTR capture register, bits 8-1 5 

CTR timer constant, bits 8-1 5 

CTR capture register, bits 0-7 

CTR time constant, bits 0-7 

CTR 1 capture register, bits 8-1 5 

CTR 1 time constant, bits 8-1 5 

CTR 1 capture register, bits 0-7 

CTR 1 time constant, bits 0-7 

UART transmit control 

UART receive control 

UART interrupt enable 

UART data 

Port Mode 

DMA count, bits 8-1 5 

Port mode register 

DMA count, bits 0-7 

Handshake channel control 

Handshake channel 1 control 

Port 4 direction 

Port 4 open drain 

Port 2/3 A mode 

UART baud rate generator, bits 8-1 5 
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Table 1 . Super-8 Registers (Continued) 



Address 



Decimal 



Hexadecimal 



Mnemonic 



Function 



Mode and Control Registers (Continued) 

249 F9 BankO 

Bankl 

250 FA BankO 

Bankl 

251 FB BankO 

Bankl 

252 FC BankO 

253 FD BankO 

254 FE BankO 

Bankl 

255 FF BankO 

Bankl 



P2BM 

UBGL 

P2CM 

UMA 

P2DM 

UMB 

P2AIP 

P2BIP 

EMT 

WUMCH 

IPR 

WUMSK 



Port 2/3 B mode 

UART baud rate generator, bits 0-7 

Port 2/3 C mode 

UART mode A 

Port 2/3 D mode 

UART mode B 

Port 2/3 A interrupt pending 

Port 2/3 B interrupt pending 

External memory timing 

Wakeup Match register 

Interrupt Priority register 

Wakeup Mask register 



MODE AND CONTROL REGISTERS 



R213(D5) FLAGS 
SYSTEM FLAGS REGISTER 



CARRY FLAG 

ZERO FLAG 

SIGN FLAG 

OVERFLOW FLAG 



D 5 



Do | 

L— BANK ADDRESS 

FAST INTERRUPT STATUS 

HALF-CARRY FLAG 



-DECIMAL ADJUST 



R217(D9)SPL 
STACK POINTER 



E 



D 6 



-LOW BYTE (SP0-SP7) 



R214(D6)RP0 
REGISTER POINTER 



D 6 



D 4 



D 2 



Do 



(RP3-RP7) - 



R218(DA)IPH 
INSTRUCTION POINTER 



E 



D 5 



-H«GHBYTE(IP8-IP15) 



R215(D7)RP1 
REGISTER POINTER 1 



Do"] 



R219(DB)ISL 
INSTRUCTION POINTER 



D 2 Di 



-LOW BYTE (IP0-IP7) 



R216(D8)SPH 
STACK POINTER 



D 5 



Do 



-HIGHBYTE(SP8-SP15) 





R220 (DC) IRQ 
INTERRUPT REQUEST 




|d 7 |d 6 


D 5 


D 4 


D 3 


D 2 


Di | D | 


LEVEL 7 — « 












L 


LEVEL 6 1 



























LEVEL 4 










LEVEL 
LEVEL 1 
LEVEL 2 
LEVEL 3 
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MODE AND CONTROL REGISTERS (Continued) 



R221 (DD)IMR 
INTERRUPT MASK 




R225BANK0(E1)C1CT 
COUNTER 1 CONTROL 



D7 D6 D5 D4 D 3 D 2 Di Do 



- SAME AS R224 BANK 
EXCEPT IT CONTROLS 
COUNTER/TIMER 1 



R222 (DE) SYM 
SYSTEM MODE 



= 3-STATE MEMORY 
INTERFACE 

NOT USED 



J 



Pi | Do | 



L. 



R225BANK1(E1)C1M 
COUNTER 1 MODE 



E 



GLOBAL INTERRUPT ENABLE 



= FAST INTERRUPT ENABLE 



- FAST INTERRUPT SELECT 



- SAME AS R224 BANK 1 EXCEPT 
IT CONTROLS COUNTER/TIMER 1 . 
EXCHANGE P2 FOR P3; ALSO 
D 4 THROUGH D 7 = 1111 IS 
UNDEFINED 



000 


LEVEL 


001 


LEVEL 1 


010 


LEVEL 2 


011 


LEVEL 3 


100 


LEVEL 4 


101 


LEVELS 


110 


LEVEL 6, 


111 


LEVEL 7 



! 

1 

I 



= SINGLE CYCLE 
1 = CONTINUOUS 



J 



= COUNT DOWN - 
1 = COUNT UP 

1 = LOAD COUNTER - 

1 = SOFTWARE TRIGGER - 



R224, BANK (E0) C0CT 
COUNTER CONTROL 



| D? | D6 



D 5 



Di Do 



L 



R226 BANK (E2) C0CH 
COUNTER CAPTURE 



E 



D 2 



ENABLE COUNT 
1 = RESET ZERO COUNT STATUS 
1 = ZERO COUNT INTERRUPT ENABLE 
1 = SOFTWARE CAPTURE 



■ UPPER BYTE (COCa-COC! 5) 



R224 BANK 1 (E0) COM 
COUNTER MODE 



D7 D6 D 5 D 4 D 3 D2 



D7 D$ D5 D4 P27 


P2 6 ' 








I/O 


I/O 





1 


I/O 


TRIGGER 


1 





GATE 


I/O 


1 


1 


GATE 


TRIGGER 


1 





I/O 


CO INPUT 


1 


1 


TRIGGER 


CO INPUT 


1 1 





GATE 


CO INPUT 


1 1 


1 


GATE/ 








TRIGGER 


CO INPUT 


1 





CO OUTPUT 


I/O 


1 


1 


CO OUTPUT 


TRIGGER 


1 1 





CO OUTPUT 


GATE 


1 1 


1 


CO OUTPUT 


GATE/TRIGGER 


1 1 





CO OUTPUT 


CO INPUT 



n 



00 = NO CAPTURE 

01 = CAPTURE ON RISING 

EDGE OF P2 7 

10 = BI-VALUELOAD 

11 = CAPTURE ON BOTH 

EDGES OF P2 7 

= EXTERNAL 

UP/DOWN CONTROL P2 7 

1 s PROGRAMMED 

UP/DOWN CONTROL 

1 = ENABLE RETRIGGER 



R226 BANK 1 (E2) C0TCH 
COUNTER TIME CONSTANT 



D7 D 6 D 5 D4 D3 D2 D1 Do 



• HIGH BYTE (C0TC 8 -C0TCi 5 ) 



1111 —CASCADE COUNTERS 
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MODE AND CONTROL REGISTERS (Continued) 



R227BANK0(E3)C0CL 
COUNTER CAPTURE 



D 5 



Do] 



■ LOW BYTE (COC0-COC7) 



R235BANK0(EB)UTC 
UART TRANSMIT CONTROL 



I D7 J De 



1 = TRANSMIT DATA ON P3 2 

1 = SEND BREAK 

= 1 STOP BIT; 1 = 2 STOP BITS 

1 = WAKE-UP ENABLED 



J 



D$ D 4 



°3 



Dj | Do | 



L 



■ UART TRANSMITTER 
DMA ENABLED 

- 1 = BUFFER EMPTY 

• 1 = BAUD-RATE GENERATOR 
-ZERO COUNT 

- 1 = TRANSMIT ENABLED 



R227 BANK 1 (E3) COTCL 
COUNTER TIME CONSTANT 



■ LOW BYTE (COTC0-COTC7) 



R236BANK0(EC)URC 
UART RECEIVE CONTROL 



D 7 D 6 



D 4 



D 3 



D1 D 



1 = WAKE-UP CONDITION VALID 

1 = ASCII CONTROL CHARACTER - 
RECEIVED 
1 = BREAK SEQUENCE START OR END - 

1 = FRAMING ERROR IN CURRENT - 
CHARACTER 



J 



L 



RECEIVE CHARACTER 
AVAILABLE 

- 1 = RECEIVER ENABLED 

- 1 = PARITY ERROR/BUFFER 

- 1 = RECEIVE BUFFER OVERRUN 



E 



R228BANK0(E4)C1CH 
COUNTER 1 CAPTURE 



R237BANK0(ED)UIE 
UART INTERRUPT ENABLES 



Do"] 



D 7 D 6 



HIGHBYTE(C1C 8 -C1Ci 5 ) 



1 = WAKE-UP 

1 = ASCII CONTROL CHARACTER 

1 = BREAK SIGNAL 

1 = RECEIVE ERROR 



J 



L. 



RECEIVE DATA AVAILABLE 
1 = RECEIVE DMA 
1 = TRANSMIT BUFFER EMPTY 
1 = ZERO COUNT 



R228BANK1(E4)C1TCH 
COUNTER 1 TIME CONSTANT 



• LOW BYTE (C1 TC 8 -C1 TC1 5) 



F 



R239 BANK (EF) UIO 
UART DATA 



D 4 



D 2 



Do 



- DATA (Do = LSB) 



E 



R229BANK0(E5)C1CL 
COUNTER CAPTURE 



D 5 D 4 



D 3 



Do 



■ LOW BYTE (CIC0-CIC7) 



PO7 MODE 
P0 6 MODE 
P0 5 MODE 



J 



P0 4 MODE - 



R240 BANK 0(F0) POM 
PORTO MODE 



| D 7 | De 



D 2 



D1 D 



L 



= I/O; 1 = ADDRESS 



POo MODE 
POt MODE 
P0 2 MODE 
P0 3 MODE 



R229BANK1(E5)C1TCL 
COUNTER 1 TIME CONSTANT 



D 4 



D3 



Do 



■ LOW BYTE (CITC0-CITC7) 



E 



R240 BANK 1 (FO) DCH 
DMA COUNT 



D 4 



D 3 



3 



- HIGHBYTE(DC 8 -DC 15 ) 
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MODE AND CONTROL REGISTERS (Continued) 



R241BANK0(F1)PM 
PORT MODE (WRITE ONLY) 



I D 7 D 6 D 5 



NOT USED 

PORT 1 MODE 

00 I OUTPUT 

01 INPUT 

1X I ADDRESS/DATA 



zr 



Pa | Pi | Do I 



L 



= INPUT PORTO 
1 * OPEN DRAIN PORTO 
1 a OPEN DRAIN PORT 1 
1 - ENABLE DM P3 5 



E 



R241BANK1(F1)DCL 
DMA COUNT 



D 5 



D 2 



-LOW BYTE (DC0-DC7) 



R244 BANK 0(F4) HOC 
HANDSHAKE CONTROL (WRITE ONLY) 



E 



Dl D 



DESKEW-COUNTER - 
(RANGE 1-16) 



L 



HANDSHAKE ENABLE 

- 1 = PORT1;0 = PORT4 

- 1 = DMA ENABLE 

. 1 = FULLY INTERLOCKED 
= STROBED 



R248 BANK (F8) P2AM 
PORT 2/3 A MODE (WRITE ONLY) 



D 7 D 6 D 5 



P3! MODE 
P3 MODE 



zr 



D 2 D 1 D I 



n 



P2o MODE 
P2i MODE 



INPUT 

INPUT, INTERRUPT ENABLED 
OUTPUT, PUSH/PULL 
OUTPUT, OPEN DRAIN 



R248 BANK 1 (F8) UB6H 
UART BAUD RATE GENERATOR 



R249 BANK 1 (F9) UBGL 
UART BAUD RATE GENERATOR 



Ds|P4 



D 2 



- LOW BYTE (UB60-UB67) 



R250BANK0(FA)P2CM 
PORT 2/C C MODE (WRITE ONLY) 



| D 7 | D 6 | D 5 


D 4 


D3 


Da J Dl J Do | 








P3 5 MODE 1 




1 P2 4 MODE 








00 
01 
10 
11 


INPUT 

INPUT, INTERRUPT ENABLED 
OUTPUT, PUSH/PULL 
OUTPUT, OPEN DRAIN 



R250 BANK 1 (FA) UMA 
UART MODE A 



D7 D6 D5 D4 D3 D 2 D1 Do 



D 3 



D 2 



Do I 



-HIGHBYTE(U6B 8 -U6Bi 5 ) 



R249BANK0(F9)P2BM 
PORT 2/3 B MODE (WRITE ONLY) 


J D 7 J D 6 J D 5 


D4 J D 3 


D 2 | D1 | Do | 








P3 3 MODE 1 




' P2 2 MODE 








00 
01 
10 

11 


INPUT 
INPUT 
OUTP 
OUTP 


, INTERRU 
UT, PUSH/ 
UT, OPEN 


PT ENABLED 

PULL 

DRAIN 



CLOCK RATE 
D7D6 
=X1 

1 «X16 

1 o X32 
1 1 = X64 

CHARACTER SIZE- 

DsD4 

0=5 BITS 
= 6 BITS 
= 7 BITS 
= 8 BITS 



,zr 



! 

1 

I 



L 



TRANSMIT WAKE-UP VALUE 

- RECEIVE WAKE-UP VALUE 

- = ODD PARITY; 1 = EVEN 
PARITY 

- 1 = PARITY ENABLED 



1 

1 



R245BANK0(FS)H1C 
HANDSHAKE 1 CONTROL (WRITE ONLY) 



E 



D 2 



DESKEW-COUNTER • 
(RANGE 1-16) 



"L. 



HANDSHAKE ENABLED 
PORTO 

- NOT USED 

- 1 = FULLY INTERLOCKED 
= STROBED 



R246BANK0(F6)P4D 
PORT 4 DIRECTION 



Id 7 D6 D5 D4 D3 D 2 D1 Do I 



- P4 -P4 7 I/O DIRECTION 
= OUTPUT; 1 = INPUT 



R247BANK0(F7)P40D 
PORT 4 OPEN DRAIN 



D 7 D6 Ds D4 D3 D2 D1 



Do 



-P4 -P4 7 OPEN DRAIN 
= PUSH/PULL; 1 = OPEN 
DRAIN 
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MODE AND CONTROL REGISTERS (Continued) 



R251 BANK (FB) P2DM 
PORT 2/3 D MODE (WRITE ONLY) 



P3 7 MODE 
P3 6 MODE 



|d 7 d 6 D 5 


D 4 D 3 


D 2 Di Do | 






zr 




L 



P2 6 MODE 
P2 7 MODE 



INPUT 

INPUT, INTERRUPT ENABLE 
OUTPUT, PUSH/PULL 
OUTPUT, OPEN DRAIN 



R251 BANK 1 (FB) M 
UART MODE B 



E 



TRANSMIT CLOCK SOURCE 



D7D6 
= P2 t DATA 

1 = SYSTEM CLOCK (XTAL/2) 

1 = BAUD-RATE GENERATOR 

OUTPUT 
1 1 = TRANSMIT DATA RATE 

1 = ENABLE AUTO ECHO - 

RECEIVE CLOCK SOURCE SELECT: - 

= P2 

1 = BAUD-RATE GENERATOR 

OUTPUT 



3 



L 



LOCAL LOOPBACK ENABLE 
1 = ENABLE BAUD-RATE GENERATOR 



- BAUD-RATE GENERATOR CLOCK SELECT: 

= P2 (EXTERNAL 

1 = INTERNAL (XTAL/4) 



- XMT CLOCK SOURCE SELECT 

= P2 n 

1 = BAUD-RATE GENERATOR OUTPUT 



R252 BANK (FC) P2AIP 
PORT 2/3 A INTERRUPT PENDING 



D7 D6 Ds D4 D3 D2 D1 Do 



P3 3 
P3 2 
P2 3 
P2 2 



J 



L 



P2o 
P2i 
P3 
P3i 



R253 BANK (FD) P2 BIP 
PORT 2/3 B INTERRUPT PENDING 



D7 D6 D 5 D 4 D3 D2 D1 Do 



J 



P3 6 ~ 
P2 7 - 
P2 6 ~ 



L 



P2 4 
P2 5 
P3 4 
P3 5 
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MODE AND CONTROL REGISTERS (Continued) 



R254 BANK (FE) EMT 
EXTERNAL MEMORY TIMING 



D7 D 6 



1 = ENABLE P3 4 ffiATT INPUT 
1 = ENABLE SLOW MEMORY TIMING - 

PROGRAM MEMORY AUTOMATIC WAITS: - 

00 = NO WAITS 

01 = 1 WAIT 

10 = 2 WAITS 

11 =3 WAITS 



D4 D3 D2 



Di D 



J 



L 



DMA SELECT: 

= REGISTER FILE 

1 = DATA MEMORY 

- STACK SELECT: 

= REGISTER FILE 

1 = DATA MEMORY 

- DATA MEMORY AUTOMATIC WAITS. 

00 = NO WAITS 

01 = 1 WAIT 

10 -2 WAITS 

11 =3 WAITS 



R2S4 BANK 1 (FE) WUMCH 
WAKE-UP MATCH REGISTER 



D7 D6 D 5 D 4 D 3 D 2 Dt Do 



- THIS BYTE, MINUS MASKED BITS, 
IS USED FOR WAKE-UP MATCH 



I 

CD 

1 
1 



R255BANK0(FF)IPR 
INTERRUPT PRIORITY REGISTER 



I D7 D6 D5 D4 D3 D2 Dt Do I 



GROUP PRIORITY - 



D7 D4 Pi 

1 



= UNDEFINED 
= OB>A 
= A>B>C 
= B>A>C 
= OA>B 
= OB>A 
= A>OB 
= UNDEFINED 



J L 



GROUP A 

= IRQ0>IRQ1 

1 = IRQ1 > IRQO 



= IRQ2>(IRQ3,IRQ4) 

1 = (IRQ3.IRQ4) > IRQ2 

- SUBGROUP B 

= IRQ3 > IRQ4 

1 = IRQ4 > IRQ3 

- GROUP C 

= IRQ5>(IRQ6,IRQ7) 

1 = (IRQ6.IRQ7) > IRQ5 

- SUBGROUP C 

= IRQ6 > IRQ7 

1 = IR07 > IRQ6 



R255BANK1(FF)WUMSK 
WAKE-UP MASK REGISTER 



D7 D6 D5 D4 D3 D2 Di Dq 



• THESE BITS CORRESPOND TO BITS 
IN WAKE-UP MATCH REGISTER; Os 
MASK CORRESPONDING MATCH BITS 
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I/O PORTS 



The Super-8 comes in two versions: one version has 32 I/O 
lines arranged into four 8-bit ports and the other version has 
40 I/O lines arranged into five 8-bit ports. These lines are all 
TTL-compatible, and can be configured as inputs or 
outputs. Some can also be configured as address/data 
lines. 

Each port has an input register, an output register, and a 
register address. Data coming into the port is stored in the 
input register, and data to be written to a port is stored in the 
output register. Reading a port's register address returns the 
value in the input register; writing a port's register address 
loads the value in the output register. If the port is configured 
for an output, this value will appear on the external pins. 

When the CPU reads the bits configured as outputs, the 
data on the external pins is returned. Under normal output 
loading, this has the same effect as reading the output 
register, unless the bits are configured as open-drain 
outputs. 

The ports can be configured as shown in Table 2. 
Table 2. Port Configuration 



Port 



Configuration Choices 



Address outputs and/or general I/O 

1 Multiplexed address/data or general I/O 

2 and 3 Control I/O for UART, handshake channels, and 

counter/timers; also general I/O and external 
interrupts 
4 General I/O 



PortO 

Port can be configured as an I/O port or an output for 
addressing external memory, or it can be divided and used 
as both. The bits configured as I/O can be either all outputs 
or all inputs; they cannot be mixed. If configured for outputs, 
they can be push-pull or open-drain type. 

Any bits configured for I/O can be accessed via R208. To 
write to the port, specify R208 as the destination (dst) of an 
instruction; to read the port, specify R208 as the source 
(src). 

Port bits configured as I/O can be placed under 
handshake control of handshake channel 1 . 

Port bits configured as address outputs cannot be 
accessed via the register. 

Portl 

Port 1 can be configured as a byte-wide address/data port, 
or as a byte I/O port. When configured as an address/data 
port, it provides a byte-wide multiplexed address/data path. 
Additional address lines can be added by configuring 
PortO. 



The 64-pin ROMIess version of the Super-8 provides 
separate address/data lines. Port 1 is then available for I/O. 

Port 1's input/output register address is R209. Data is read 
from the port by specifying R209 as the source of an 
instruction; data is written to the port by specifying R209 as 
the destination. 

When configured for I/O, Port 1 can be placed under 
handshake control. 

When configured as an address/data port, Port 1 cannot be 
accessed as a register. 

Ports 2 and 3 

Ports 2 and 3 provide external control inputs and outputs for 
the UART, handshake channels, and counter/timers. The 
pin assignments appear in Table 3. 

Bits not used for control I/O can be configured as 
general-purpose I/O lines and/or external interrupt inputs. 

Those bits configured for general I/O can be configured 
individually for input or output. Those configured for output 
can be individually configured for open-drain or push-pull 
output. 

All Port 2 and 3 input pins are Sch mitt-triggered. 

The port address for Port 2 is R210, and for Port 3 is R21 1 . 

Table 3. Pin Assignments for Ports 2 and 3 





Port 2 




Port 3 


Bit 


Function 


Bit 


Function 





UART receive clock 





UART receive data 


1 


UART transmit clock 


1 


UART transmit data 


2 


SIO receive clock 


2 


SIO receive data 


3 


SIO transmit clock 


3 


SIO transmit data 


4 
5 
6 
7 


Handshake input 
Handshake output 
Counter input 
Counter I/O 


4 
5 
6 
7 


Handshake 1 input/WAIT 
Handshake 1 output/DM 
Counter 1 input 
Counter 1 I/O 



Port 4 

Port 4 can be configured as I/O only. It exists internally in all 
versions of the Super-8, but has no connection to external 
pins in the 40-pin models. Each bit can be configured 
individually as input or output, with either push-pull or 
open-drain outputs. All Port 4 inputs are Schmitt-triggered. 

Port 4 can be placed under handshake control of 
handshake channel 0. Its register address is R21 2. 

Ports 1 and 4 use the same handshake line in Port 2. Only 
one can use the handshake feature at a given time. 
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UART 



Receiver 



The UART is a full-duplex asynchronous channel. It 
transmits and receives independently with 5 to 8 bits per 
character, has options for even or odd bit parity, and a 
wake-up feature. 

Data can be read into or out of the UART via R239, Bank 0. 
This single address is able to serve a full-duplex channel 
because it contains two complete 8-bit registers— one for 
the transmitter and the other for the receiver. 

Pins 

The UART uses the following Port 2 and 3 pins: 



Port/Pin 

2/0 
3/0 
2/1 
3/1 



UART Function 

Receive Clock 
Receive Data 
Transmit Clock 
Transmit Data 



Transmitter 

When the UART's register address is specified as the 
destination (dst) of an operation, the data is output on the 
UART, which automatically adds the start bit, the 
programmed parity bit, and the programmed number of 
stop bits. It can also add a wake-up bit if that option is 
selected. 

If the UART is programmed for a 5-, 6-, or 7-bit character, the 
extra bits in R239 are ignored. 

Serial data is transmitted at a rate equal to 1 , 1/16, 1/32 or 
1/64 of the transmitter clock rate, depending on the 
programmed data rate. All data is sent out on the falling 
edge of the clock input. 

When the UART has no data to send, it holds the output 
marking (High). It may be programmed with the Send Break 
command to hold the output Low (Spacing), which it 
continues until the command is cleared. 



The UART begins receive operation when Receive Enable 
(URC, bit 0) is set High. After this, a Low on the receive input 
pin for longer than half a bit time is interpreted as a start bit. 
The UART samples the data on the input pin in the middle of 
each clock cycle until a complete byte is assembled. This is 
placed in the Receive Data register. 

If the 1 X clock mode is selected, external bit synchronization 
must be provided, and the input data is sampled on the 
rising edge of the clock. 

For character lengths of less than eight bits, the UART 
inserts ones into the unused bits, and, if parity is enabled, 
the parity bit is not stripped. The data bits, extra ones, and 
the parity bit are placed in the UART Data register (UIO). 

While the UART is assembling a byte in its input shift register, 
the CPU has time to service an interrupt and manipulate the 
data character in UIO. 

Once a complete character is assembled, the UART checks 
it and performs the following: 

■ If it is an ASCII control character, the UART sets the 
Control Character status bit. 

■ It checks the wake-up settings and completes any 
indicated action. 

■ If parity is enabled, the UART checks to see if the 
calculated parity matches the programmed parity bit. If 
they do not match, it sets the Parity Error bit in URC 
(R236 Bank 0), which remains set until reset by software. 

■ It sets the Framing Error bit (URC, bit 4) if the character is 
assembled without any stop bits. This bit remains set until 
cleared by software. 

Overrun errors occur when characters are received faster 
than they are read. That is, when the UART has assembled a 
complete character before the CPU has read the current 
character, the UART sets the Overrun Error bit (URC, bit 3), 
and the character currently in the receive buffer is lost. 

The overrun bit remains set until cleared by software. 



? 



i 
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ADDRESS SPACE 



The Super-8 can access 64K bytes of program memory and 
64K bytes of data memory. These spaces can be either 
combined or separate. If separate, they are controlled by the 
DM line (Port P35), which selects data memory when Low 
and program memory when High. 

CPU Program Memory 

Program memory occupies addresses to 64K. On-chip 
ROM always occupies the lowest part of program memory. 
Space beyond the on-chip ROM can be accessed by 
configuring Ports and 1 as a memory interface. Port 1 can 
be used as an 8-bit multiplexed address/data port; Port 
can be configured to provide from to 8 additional address 
lines. 

The address/data lines are controlled by AS, DS and R/W. 

The first 32 program memory bytes are reserved for 
interrupt vectors; the lowest address available for user 
programs is 32 (decimal). This value is automatically loaded 
into the program counter after a hardware reset. 

In 40- and 48-pin ROMIess versions, Port 1 is automatically 
configured as a multiplexed address/data port. 

Figure 6 shows the system memory space. 



INTERNAL ROM 
4K,8K,OR16K 



INTERRUPT 
VECTORS 




PROGRAM MEMORY 



DATA MEMORY 



Figure 6. Memory Map 



CPU Data Memory 

The CPU data memory space, if separate from program 
memory, is also accessed using PortJ asADo-AD7,with DM 
Low. Accesses are controlled by AS, DS, and R/W. Port 
can be configured to provide additional address lines. 



INSTRUCTION SET 



The Super-8 instruction set is designed to handle its large 
register set. The instruction set provides a full complement 
of 8-bit arithmetic and logical operations, including multiply 
and divide. It supports BCD operations using a decimal 
adjustment of binary values, and it supports incrementing 
and decrementing 16-bit quantities for addresses and 
counters. 

It provides extensive bit manipulation, and rotate and shift 
operations, and it requires no special I/O instructions— the 
I/O ports are mapped into the register file. 

Instruction Pointer 

A special register called the Instruction Pointer (IP) provides 
hardware support for threaded-code languages. It consists 
of register-pair R218 and R219, and it contains memory 
addresses. The MSB is R218. 

Threaded-code languages deal with an imaginary 
higher-level machine within the existing hardware machine. 
The IP acts like the PC for that machine. The command 
NEXT passes control to or from the hardware machine to the 
imaginary machine, and the commands ENTER and EXIT 
are imaginary machine equivalents of (real machine) CALLS 
and RETURNS. 

If the commands NEXT, ENTER, and EXIT are not used, the 
IP can be used by the fast interrupt processing, as 
described in the Interrupts section. 



Flag Register 

The Flag register (FLAGS) contains eight bits that describe 
the current status of the Super-8. Four of these can be tested 
and used with conditional jump instructions; two others are 
used for BCD arithmetic. FLAGS also contains the Bank 
Address bit and the Fast Interrupt Status bit. 

The flag bits can be set and reset by instructions. 



CAUTION 

Do not specify FLAGS as the destination of an 
instruction that normally affects the flag bits or the 
result will be unspecified. 



The following paragraphs describe each flag bit: 

Bank Select. This bit is used to select one of the register 
banks (0 or 1) between (decimal) addresses 224 and 255. It 
is cleared by the SBO instruction and set by the SB1 
instruction. 



Fast Interrupt Status. This bit is set during a fast interrupt 
cycle and reset during the IRET following interrupt servicing. 
When set, this bit inhibits all interrupts and causes the fast 
interrupt return to be executed when the IRET instruction is 
fetched. 
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Half-Carry- This bit is set to 1 whenever an addition 
generates a carry out of bit 3, or when a subtraction borrows 
out of bit 3. This bit is used by the Decimal Adjust (DA) 
instruction to convert the binary result of a previous addition 
or subtraction into the correct decimal (BCD) result. This 
flag, and the Decimal Adjust flag, are not usually accessed 
by users. 

Decimal Adjust. This bit is used to specify what type of 
instruction was executed last during BCD operations, so a 
subsequent Decimal Adjust operation can function 
correctly. This bit is not usually accessible to programmers, 
and cannot be used as a test condition. 

Overflow Flag. This flag is set to 1 when the result of a 
twos-complement operation was greater than 127 or less 
than -1 28. It is also cleared to during logical operations. 

Sign Flag. Following arithmetic, logical, rotate, or shift 
operations, this bit identifies the state of the MSB of the 
result. A indicates a positive number and a 1 indicates a 
negative number. 

Zero Flag. For arithmetic and logical operations, this flag is 
set to 1 if the result of the operation is zero. 

For operations that test bits in a register, the zero bit is set to 1 
if the result is zero. 

For rotate and shift operations, this bit is set to 1 if the result is 
zero. 

Carry Flag. This flag is set to 1 if the result from an arithmetic 
operation generates a carry out of, or a borrow into, bit 7. 



After rotate and shift operations, it contains the last value 
shifted out of the specified register. 

It can be set, cleared, or complemented by instructions. 



Condition Codes 

The flags C, Z, S, and V are used to control the operation of 
conditional jump instructions. 

The opcode of a conditional jump contains a 4-bit field 
called the condition code (cc). This specifies under which 
conditions it is to execute the jump. For example, a 
conditional jump with the condition code for "equal" after a 
compare operation only jumps if the two operands are 
equal. 

The condition codes and their meanings are given in 
Table 4. 

Addressing Modes 

All operands except for immediate data and condition 
codes are expressed as register addresses, program 
memory addresses, or data memory addresses. The 
addressing modes and their designations are: 

Register (R) 
Indirect Register (IR) 
Indexed (X) 
Direct (DA) 
Relative (RA) 
Immediate (I M) 



Table 4. Condition Codes and Meanings 



Binary 



Mnemonic 



Flags 



Meaning 



0000 


F 


— 


Always false 


1000 


— 


— 


Always true 


0111* 


c 


C = 1 


Carry 


1111* 


NC 


c=o 


No carry 


0110* 


z 


Z = 1 


Zero 


1110* 


NZ 


z=o 


Not zero 


1101 


PL 


s=o 


Plus 


0101 


Ml 


S = 1 


Minus 


0100 


OV 


V = 1 


Overflow 


1100 


NOV 


v=o 


No overflow 


0110* 


EQ 


Z=1 


Equal 


1110* 


NE 


z=o 


Not equal 


1001 


GE 


(SXORV) = 


Greater than or equal 


0001 


LT 


(SXORV)=1 


Less than 


1010 


GT 


(ZOR(SXORV)) = 


Greater than 


0010 


LE 


(ZOR(SXORV)) = 1 


Less than or equal 


1111* 


UGE 


C = 


Unsigned greater than or equal 


0111* 


ULT 


C=1 


Unsigned less than 


1011 


UGT 


(C = 0ANDZ = 0) = 1 


Unsigned greater than 


0011 


ULE 


(CORZ)=1 


Unsigned less than or equal 



NOTE. Asterisks (*) indicate condition codes that relate to two different mnemonics but test the same flags. For example, Z and EQ are both True if the 
Zero flag is set, but after an ADD instruction, Z would probably be used, while after a CP instruction, EQ would probably be used. 
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Registers can be addressed by an 8-bit address in the range 
of to 255. Working registers can also be addressed using 
4-bit addresses, where five bits contained in a register 
pointer (R218 or R219) are concatenated with three bits 
from the 4-bit address to form an 8-bit address. 

Registers can be used in pairs to generate 1 6-bit program or 
data memory addresses. 



Notation and Encoding 

The instruction set notations are described in Table 5. 

Functional Summary of Commands 

Figure 8 shows the commands, and Figure 9 provides a 
quick reference guide to the commands. 



Table 5. Instruction Set Notations 



Notation Meaning 



Notation Meaning 



cc Condition code (see Table 4) 

r Working register (between and 1 5) 

rb Bit of working register 

rO Bit of working register 

R Register or working register 

RR Register pair or working register pair (Register pairs 

always start on an even-number boundary) 

I A Indirect address 

Ir Indirect working register 

IR Indirect register or indirect working register 

Irr Indirect working register pair 

IFtR Indirect register pair or indirect working register pair 

X Indexed 

XS Indexed, short offset 

XL Indexed, long offset 



DA 


Direct address (between and 65535) 


RA 


Relative address 


IM 


Immediate 


IML 


Immediate long 


dst 


Destination operand 


src 


Source operand 


@ 


Indirect address prefix 


SP 


Stack pointer 


PC 


Program counter 


IP 


Instruction pointer 


FLAGS 


Flags register 


RP 


Register pointer 


# 


Immediate operand prefix 


% 


Hexadecimal number prefix 


OPC 


Opcode 



dst | OPC 



cc I OPC 



dst I OPC 



src \ OPC 



One-Byte Instructions 



CCF, Dl, El, ENTER, EXIT, IRET, NEXT, NOP, 
RCF, RET, SBO, SB1 , SCF, WFI 



Two-Byte Instructions 

Hot I mrf . I ADC, ADD, AND, CP, LD, LDC, LDCI, LDCD, 
q8! I src I LDE, LDED, OR, SBC, SUB, TCM, TWI, XOR 



src | dst 1 LDC, LDCPD, LDCPI, LDE, LDEPD, LDEPI 



CALL, DA, DEC, DECW, INC, INCW, JP, POP, 
RL, RLC, RR, RRC, SWAP, CLR, SRA, COM 



src | PUSH, SRP, SRPO, SRP1 



dst | b 1 1 BITCBITR 



dst | b |1] BITS 
dst J DJNZ 

dst ] JR 



src | LD 



dst | LD 



Figure 7. Instruction Formats 
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Three-Byte Instructions 



1 dst | 




1 src | 




1 dst | b 1 1 




| src | b |1| 




| src | b |0| 




| src | dst | 




| dst | x | 




| src | x | 



ADC, ADD, AND, CP, LD, OR, PUSHUD, 
PUSHUI, SBC, SUB, TCM, TM, XOR 



-l ADC, ADD, AND, CP, DIV, LD, LOW, MULT, 

J OR, POPUD, POPUI, SBC, SUB, TCM, TM, XOR 



src | BAND, BCP, BOR, BXOR, LDB 



dst | BAND, BOR, BTJRT, BXOR, LDB 

""3s! ] BTJRF 



RA I CPIJE.CPIJNE 



src I LD.LDC.LDE 

"dsl I LD.LDC.LDE 



J CALL 
"I JP 



| dst 


[x*0oM| 




| src 


|x*0orl| 




| dst 


I 0000 | 




I src 


I 0000 | 




| dst 


I 0001 I 




| dst 


I 0001 | 




I dst | 



Four-Byte Instructions 

src j [ src 



2 L" 



**< I L~ 



3 L 



LDC, LDE 

LDC, LDE 

LDC 

LDC 

LDE 

LDE 

LDW 



FOR LDC, x = EVEN 
FOR LDE, x = ODD 



f 






Figure 7. Instruction Formats (Continued) 



INSTRUCTION SUMMARY 



Instruction 
and Operation 


Addr Mode 
dst src 


Opcode 
Byte 
(Hex) 


Flags Affected 
C Z S V D H 


ADC dst, src 

dst *- dst + src + C 


(Notel) 


1D 


* * * — * 


ADD dst.src 
dst *- dst + src 


(Notel) 


on 


* * * * * 


AND dst.src 

dst *- dst AND src 


(Notel) 


5D 


— * * 


BAND dst.src 
dst*- dst AND src 


rO 
Rb 


Rb 
rO 


67 
67 


- * u 


BCP dst, src 
dst - src 


rO 


Rb 


17 


- * u 


BITCdst 

dst -NOT dst 


rb 




57 


- * u 


BITR dst 

dst-0 


rb 




77 




BITS dst 

dst-1 


rb 




77 





Addr Mode 
Instruction 
and Operation dst src 


Opcode 
Byte 
(Hex) 


Flags Affected 
C Z S V D H 


BOR dst, src rO 
dst *- dst OR src Rb 


rB 
rO 


07 


- * U 


BTJRF RA 

if src = 0, PC = PC + dst 


rb 


37 




BTJRT RA 

if src = 1 , PC = PC + dst 


rb 


37 




BXOR dst, src rO 
dst «- dst XOR src Rb 


Rb 
rO 


27 
27 


- * u 



CALL dst 


DA 


F6 


SP-SP -2 


IRR 


F4 


@SP«-PC 


IA 


D4 


PC*- dst 







CCF 

C = NOTC 




EF 


* 


CLR dst 

dst-0 


R 
IR 


B0 
B1 





Figure 8. Command Summary 
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INSTRUCTION SUMMARY (Continued) 



Instruction 
and Operation 


Addr Mode 


Opcode 
Byte 
(Hex) 


Flags Affected 


dst src 


C Z S V D H 


COM dst 

dst -NOT dst 


R 
IR 


60 
61 


— * * 


CP dst, src 
dst - src 


(Notel) 


AD 


* * * * 



CPIJE 

if dst - src = O.then 
PC - PC + RA 
lr-lr + 1 



C2 



CPIJNE r 

if dst - src = O.then 
PC-PC + RA 
lr-lr + 1 



D2 



DA dst 

dst - DA dst 


R 
IR 


40 
41 


* * * U 


DEC dst 

dst-dst- 1 


R 
IR 


00 
01 


— * * * 


DECWdst 

dst-dst- 1 


RR 
IR 


80 
81 


— * * * 


Dl 

SMR (0)-0 




8F 





DIV dst, src 

dst -«- src 
dst (Upper) — 

Quotient 
dst (Lower) — 

Remainder 



DJNZ r,dst 
r-r- 1 
if r = 

PC - PC + dst 



El 

SMR (0)-1 



ENTER 

SP-SP-2 
@SP-IP 
IP*- PC 
PC-@IP 
IP-IP + 2 



EXIT 

IP-@SP 
SP-SP + 2 
PC-@IP 
IP-IP + 2 



INC dst 

dst - dst + 1 



RR R 94 

RR IR 95 



* * * * 



RR IM 



96 



RA 



r rA 

(r = 0toF) 

9F 
1F 



2F 



R 
IR 



rE — * * * 

(r = 0toF) 
20 
21 



Instruction 
and Operation 


Addr Mode 
dst src 


Opcode 
Byte 
(Hex) 


Flags Affected 
C Z S V D H 


INCWdst 

dst — 1 + dst 


RR 
IR 


AO 
A1 


— * * * 



IRET (Fast) 
PC -IP 
FLAG -FLAG' 
FIS-0 



BF 



Restored to 
before interrupt 



JR cc.dst 
if cc is true, 
PC - PC + d 



IRET (Normal) BF Restored to 

FLAGS — @SP; SP — SP + 1 before interrupt 
PC - @SP; SP - SP + 2; SMR (0) - 1 

JP cc.dst DA ccD 

if cc is true, (cc = 0toF) 

PC -dst IRR 30 

RA ccB 

(cc = 0toF) 

LD dst.src r IM rC 

dst — src r R r8 

R r r9 

(r = 0toF) 

r IR 01 

IR r D7 

R R E4 

R IR E5 

R IM E6 

IR IM D6 

IR R F5 

r x 87 

x r 97 



LDB dst, src 
dst — src 



rO Rb 
Rb rO 



47 
47 



LDC/LDE 

dst — src 



r 


Irr 


C3 


Irr 


r 


D3 


r 


xs 


E7 


xs 


r 


F7 


r 


x1 


A7 


x1 


r 


B7 


r 


DA 


A7 


DA 


r 


B7 



LDCD/LDEDdst.src r Irr 

dst — src 
rr — rr - 1 



E2 



LDEI/LDCI dst, src r 
dst — src 
rr — rr + 1 



Irr 



E3 



LDCPD/LDEPD dst.src 

rr — rr - 1 Irr r 

dst — src 



F2 



Figure 8. Command Summary (Continued) 
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INSTRUCTION SUMMARY (Continued) 



Addr Mode Opcode Flags Affected 

Instruction Byte 

and Operation dst src (Hex) C Z S V D H 



Addr Mode Opcode Flags Affected 

Byte 

dst src (Hex) C Z S V D H 



Instruction 
and Operation 



LDCPI/LDEPI dst, src 
rr — rr + 1 Irr 

dst — src 



F3 



LDW dst, src 
dst — src 



MULT dst, src 



RR 


RR 


C4 


RR 


IR 


C5 


RR 


IMM 


C6 


RR 


R 


84 


RR 


IR 


85 


RR 


IM 


86 



RLC dst 

dst(0)-C 
C-dst(7) 
dst(N + 1)-dst(N) 
N = 0to6 



R 
IR 



10 
11 



* * * — 



RRdst 

C-dst(O) 
dst (7)- dst (0) 
dst(N)-dst(N + 1) 
N = 0to6 



R 
IR 



E0 
E1 



NEXT 

PC-@IP 
IP-IP + 2 



NOP 



OR dst, src 

dst — dst OR src 



(Notel) 



POP dst 

dst — « 
SP-SP + 1 



R 
IR 



POPUD dst, src 
dst — src 
IR — IR - 1 



IR 



POPUI dst, src 
dst — src 
IR — IR + 1 



IR 



PUSH src 

SP-SP- 1; 



@SP — src 



R 
IR 



PUSHUD dst, src IR 

IR — IR - 1 

dst — src 



PUSHUI dst, src IR 

IR — IR + 1 

dst — src 



RCF 

C-0 



RET 

PC-@SP;SP-SP + 2 



OF 

RRC dst R 

C-dst(O) IR 

dst(7)-C 

FF dst(N)-dst(N + 1) 

~ ~ N = 0to6 

4D — * * 

50 

51 

92 

93 

SRA dst R 

dst (7) -dst (7) IR 

70 C-dst(O) 

71 dst(N)-dst(N + 1) 
1£ N = 0to6 

83 

CF 

AF 



CO 
C1 



* * * * 



* * * * 



RLdst 


R 


90 


C-dst(7) 


IR 


91 


dst (0)- dst (7) 






dst(N + 1)-dst(N) 






N = 0to6 







* * * * 



* * * * 



SBO 

BANK-0 




4F 




SB1 

BANK-1 




5F 




SBC dst, src 

dst — dst - src - C 


(Notel) 


3D 


* * * * 1 * 


SCF 

C-1 




DF 


1 



! 

i 



DO * * * 
D1 



SRP src 

RPO-IM 
RP1 -IM + 


8 


IM 


31 




SRPO 

RPO-IM 




IM 


31 




SRP1 

RP1-IM 




IM 


31 




SUB dst.src 
dst -dst- 


src 


(Notel) 


2D 


* * * * 1 * 



Figure 8. Command Summary (Continued) 
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INSTRUCTION SUMMARY (Continued) 



Instruction 
and Operation 


AddrMode 
dst src 


Opcode 
Byte 
(Hex) 


Flags Affected 
C Z S V D H 


SWAPdst 

dst (0-3) «* dst (4-7) 


R 
IR 


FO 
F1 


- * * U 


TCM dst.src 
(NOTdst)ANDsrc 


(Notel) 


6D 


— * * 


TM dst.src 
dstANDsrc 


(Notel) 


7D 


— * * 


WFI 




3F 




XOR dst.src 

dst — dst XOR src 


(Notel) 


BD 


— * * 



AddrMode 



NOTE- These instructions have an identical set of addressing modes, 
which are encoded for brevity. The first opcode nibble identifies 
the command, and is found in the table above. The second nibble, 
represented by a □, defines the addressing mode as follows: 



dst 


src 


r 


r 


r 


Ir 


R 


R 


R 


IR 


R 


IM 



Lower 
Opcode Nibble 



® 

m 
m 



For example, to use an opcode represented as xD with an "RR" 
addressing mode, use the opcode "x4." 

= Cleared to Zero 

1 = Set to One 
— = Unaffected 

* = Set or reset, depending on result of operation. 
U = Undefined 



Figure 8. Command Summary (Continued) 
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SUPER-8 OPCODE MAP 



Lower Nibble (Hex) 



a 



6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


6,5 


6,5 


12/10,5/5 


12/10,0 


6,5 


12/10,0 


6,5 


14,0 


DEC 


DEC 


ADD 


ADD 


ADD 


ADD 


ADD 


BOR* 


LD 


LD 


DJNZ 


JR 


LD 


jp 


INC 


NEXT 


Ri 


iRi 


ri-r 2 


n.ir 2 


R 2 ,Ri 


IR2.R1 


R^IM 


ro-Rb 


M.R2 


r 2 ,Ri 


ri.RA 


cc,RA 


r-|,IM 


cc.DA 


r1 




6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,2 






























20,0 


RLC 


RLC 


ADC 


ADC 


ADC 


ADC 


ADC 


BCP 






























ENTER 


Ri 


"Ri 


ri.r 2 


ri.lr 2 


R 2 ,Ri 


IR2.R1 


R^IM 


ri,b,R2 
































6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


22,0 


INC 


INC 


SUB 


SUB 


SUB 


SUB 


SUB 


BXOR* 






























EXIT 


Ri 


IR, 


■V2 


ri,lr 2 


R 2 ,Ri 


IR2.R1 


Rt.IM 


ro-Rb 
































10,0 


NOTE 
C 


6,5 


6,5 


10,5 


10,5 


10,5 


NOTE 
A 


6,0 


JP 


SBC 


SBC 


SBC 


SBC 


SBC 






























WFI 


IRRl 


ri.r 2 


n,ir 2 


R2.R1 


IR2.R1 


RlIM 
































6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


6,5 


DA 


DA 


OR 


OR 


OR 


OR 


OR 


LDB* 






























SBO 


Ri 


IRi 


n.r 2 


ri,lr 2 


R2.R1 


IR 2 ,Ri 


Ri.lM 


ro-Rb 
































10,5 


10,5 


6,5 


6,5 


10,5 


10,5 


10,5 


8,5 


6,5 


POP 


POP 


AND 


AND 


AND 


AND 


AND 


BITC 






























SBI 


Ri 


IRi 


^J2 


ri,lr 2 


R 2 ,Ri 


IR 2 ,Ri 


R^IM 


M,b 
































6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




COM 


COM 


TCM 


TCM 


TCM 


TCM 


TCM 


BAND* 
































Ri 


IRi 


h.r2 


riJr 2 


R2.Ri 


IR2.R1 


R^IM 


ro-Rb 
































10/12,0 


12/14,0 


6,5 


6,5 


10,5 


10,5 


10,5 


NOTE 
B 




PUSH 


PUSH 


TM 


TM 


TM 


TM 


TM 
































R 2 


IR 2 


■V2 


ri.lr 2 


R2.R1 


IR2-R1 


Ri.lM 
































10,9 


10,9 


10,5 


10,5 


24,5 


24,5 


24,5 


10,5 


6,1 


DECW 


DECW 


PUSHUD 


PUSHUI 


MULT 


MULT 


MULT 


LD 






























Dl 


rRt 


IRi 


IR1.R2 


IRi,R2 


R2.RR1 


IR 2 ,RRi 


IM.RRi 


ri,x,R 2 
































6,5 


6,5 


10,5 


10,5 


28/12,5/0 


28/12,5/0 


28/12,5/0 


10,5 


6,1 


RL 


RL 


POPUD 


POPUI 


DIV 


DIV 


DIV 


LD 






























El 


Ri 


IRi 


IR2.R1 


IR2.R1 


R2.RR1 


IR 2 ,RRi 


IM.RRt 


r 2 ,x,Ri 
































10,9 


10,9 


6,5 


6,5 


10,5 


10,5 


10,5 


NOTE 
D 


14,0 


INCW 


INCW 


CP 


CP 


CP 


CP 


CP 






























RET 


RRi 


IRi 


IV2 


riJr 2 


R2.R1 


IR2.R1 


Ri.lM 
































6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


NOTE 

E 


16/6,0/1 


CLR 


CLR 


XOR 


XOR 


XOR 


XOR 


XOR 






























IRET 


Ri 


IRi 


IV2 


n-ir 2 


R2.R1 


IR2.R1 


Ri.lM 
































6,5 


6,5 


16/18,5 


12,0 


10,5 


10,5 


12,5 


6,5 


6,5 


RRC 


RRC 


CPIJE 


LDC* 


LDW 


LDW 


LDW 


LD 






























RCF 


Ri 


IRi 


lr,r 2 ,RA 


n.lrr 2 


RR 2 ,RRi 


IR 2 ,RRi 


RRlIML 


n.ir2 
































6,5 


6,5 


16/18,5 


12,0 


20,0 




10,5 


6,5 


6,5 


SRA 


SRA 


CPIJNE 


LDC* 


CALL 




LD 


LD 






























SCF 


Ri 


IRi 


lr-1.r2.RA 


r 2 ,lrr 1 


IA1 




iRt.im 


lri,r 2 
































6,5 


6,5 


16,0 


16,0 


10,5 


10,5 


10,5 


18,0 


6,5 


RR 


RR 


LDCD* 


LDCI* 


LD 


LD 


LD 


LDC* 






























CCF 


Ri 


IRi 


ri.lrr 2 


ri-lrr 2 


R 2 ,Ri 


IR2.R1 


r 1t im 


r-|,lrr2,xs 
































8,7 


8,7 


16,0 


16,0 


18,0 


10,5 


18,0 


18,0 


6,0 


SWAP 


SWAP 


LDCPD* 


LDCPI* 


CALL 


LD 


CALL 


LDC* 






























NOP 


Ri 


IRi 


r2,lrr2 


r 2-l rr 2 


IRRi 


R2-IR1 


DA t 


r2,lrr-|,xs 


} 


J 


} 


J 


T 


i 


1 


i 


r 


} 


J 


i 


1 







I 
i 



Bytes per 
Instruction 



NOTE A 



16/18,0 
BTJRF 

r 2 ,b,RA 



16/18,0 
BTJRT 

r 2 ,b,RA 



NOTEB 



8,5 


8,5 


BITR 


BITS 


ri.b 


ri.b 



20,0 
LDC* 

r1.lrr2.xL 


20,0 
LDC* 

ri,DA 2 



NOTEE 



NOTEC 



6,0 
SRP 

IM 


6,0 
SRP0 

IM 


6,0 
SRP1 

IM 



20,0 
LDC* 

r2.lrr2.xL 


20.0 
LDC* 

T2.DA! 



Legend: 

r = 4-bit address 
R = 8-bit address 
b = bit number 
Ri or r-| = dst address 
R 2 or r2 = src address 



* Examples: 

BOR r -R2 

isBORr 1 ,b,R2 

orBORr 2 ,b,R-| 
LDCri,lrr2 

is LDC ri,lrr2 = program 

orLDE r-|,lrr2 = data 



Sequence: 

Opcode, first, second, third operands 



Figure 9. Opcode Map 



NOTE The blank areas are not defined 
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INSTRUCTIONS 



Table 6. Super-8 Instructions 



Mnemonic Operands Instruction 



Load Instructions 



CLR 


dst 


Clear 


LD 


dst, src 


Load 


LDB 


dst, src 


Load bit 


LDC 


dst, src 


Load program memory 


LDE 


dst, src 


Load data memory 


LDCD 


dst, src 


Load program memory and 
decrement 


LDED 


dst, src 


Load data memory and 
decrement 


LDCI 


dst, src 


Load program memory and 
increment 


LDEI 


dst, src 


Load data memory and increment 


LDCPD 


dst, src 


Load program memory with 
pre-decrement 


LDEPD 


dst, src 


Load data memory with 
pre-decrement 


LDCPI 


dst, src 


Load program memory with 
pre-increment 


LDEPI 


dst, src 


Load data memory with 
pre-increment 


LDW 


dst, src 


Load word 


POP 


dst 


Pop stack 


POPUD 


dst, src 


Pop user stack (decrement) 


POPUI 


dst, src 


Pop user stack (increment) 


PUSH 


src 


Push stack 


PUSHUD 


dst, src 


Push user stack (decrement) 


PUSHUI 


dst, src 


Push user stack (increment) 



Arithmetic Instructions 



ADC 

ADD 

CP 

DA 

DEC 

DECW 

DIV 

INC 

INCW 

MULT 

SBC 

SUB 



dst, src 
dst, src 
dst, src 
dst 
dst 
dst 

dst, src 
dst 
dst 

dst, src 
dst, src 
dst, src 



Add with carry 
Add 

Compare 
Decimal adjust 
Decrement 
Decrement word 
Divide 
Increment 
Increment word 
Multiply 

Subtract with carry 
Subtract 



Logical Instructions 

AND dst, src 

COM dst 

OR dst, src 

XOR dst, src 



Logical AND 
Complement 
Logical OR 
Logical exclusive 



Mnemonic 


Operands 


Instruction 


Program Control Instructions 


BTJRT 


dst, src 


Bit test jump relative on True 


BTJRF 


dst, src 


Bit test jump relative on False 


CALL 


dst 


Call procedure 


CPIJE 


dst, src 


Compare, increment and jump on 
equal 


CPIJNE 


dst, src 


Compare, increment and jump on 
non-equal 


DJNZ 


r.dst 


Decrement and jump on non-zero 


ENTER 




Enter 


EXIT 




Exit 


IRET 




Return from interrupt 


JP 


cc, dst 


Jump 


JR 


cc, dst 


Jump relative 


NEXT 




Next 


RET 




Return 


WFI 




Wait for interrupt 


Bit Manipulation Instructions 


BAND 


dst, src 


Bit AND 


BCP 


dst, src 


Bit compare 


BITC 


dst 


Bit complement 


BITR 


dst 


Bit reset 


BITS 


dst 


Bit set 


BOR 


dst, src 


Bit OR 


BXOR 


dst, src 


Bit exclusive OR 


TCM 


dst, src 


Test complement under mask 


TM 


dst, src 


Test under mask 


Rotate and Shift Instructions 


RL 


dst 


Rotate left 


RLC 


dst 


Rotate left through carry 


RR 


dst 


Rotate right 


RRC 


dst 


Rotate right through carry 


SRA 


dst 


Shift right arithmetic 


SWAP 


dst 


Swap nibbles 


CPU Control Instructions 




CCF 




Complement carry flag 


Dl 




Disable interrupts 


El 




Enable interrupts 


NOP 




Do nothing 


RCF 




Reset carry flag 


SBO 




Set bank 


SB1 




Set bank 1 


SCF 




Set carry flag 


SRP 


src 


Set register pointers 


SRPO 


src 


Set register pointer zero 


SRP1 


src 


Set register pointer one 
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INTERRUPTS 



The Super-8 interrupt structure contains 8 levels of interrupt, 
16 vectors, and 37 sources. 

Interrupt priority is assigned by level, controlled by the 
Interrupt Priority register (I PR). Each level is masked (or 
enabled) according to the bits in the Interrupt Mask register 
(IMR), and the entire interrupt structure can be disabled by 
clearing a bit in the System Mode register (R222). 

The three major components of the interrupt structure are 
sources, vectors, and levels. These are shown in Figure 10 
and discussed in the following paragraphs. 

Sources 

A source is anything that generates an interrupt. This can be 
internal or external to the Super-8. Internal sources are 
hardwired to a particular vector and level, while external 
sources can be assigned to various external events. 

Vectors 

The 16 vectors are divided unequally among the eight 
levels. For example, vector 12 belongs to level 2, while level 
3 contains vectors 0, 2, 4, and 6. 



The vector number is used to generate the address of a 
particular interrupt servicing routine; therefore all interrupts 
using the same vector must use the same interrupt handling 
routine. 

Levels 

Levels provide the top level of priority assignment. While the 
sources and vectors are hardwired within each level, the 
priorities of the levels can be changed by using the Interrupt 
Priority register (see Figure 5 for bit details). 

If more than one interrupt source is active, the source from 
the highest priority level will be serviced first. If both sources 
are from the same level, the source with the lowest vector will 
have priority. For example, if the UART Receive Data bit and 
UART Parity Error bit are both active, the UART Parity Error 
bit will be serviced first because it is vector 1 6, and UART 
receive data is vector 20. 

The levels are shown in Figure 10. 



! 
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INTERRUPT SOURCES 

COUNTER ZERO COUNT 
EXTERNAL INTERRUPT (P2 6 ) 
EXTERNAL INTERRUPT (P2 7 ) 

COUNTER 1 ZERO COUNT 
EXTERNAL INTERRUPT (P3 6 ) 
EXTERNAL INTERRUPT (P3 7 ) 

HANDSHAKE CHANNEL j 
EXTERNAL INTERRUPT (P2 4 ) ' 
EXTERNAL INTERRUPT (P2 5 ) 

HANDSHAKE CHANNEL 1 I 
EXTERNAL INTERRUPT (P3 4 ) I 
EXTERNAL INTERRUPT (P3 5 ) 

*SYNC CHAN RECEIVE OVERRUN 
*SYNC CHAN FRAMING ERROR 
•SYNC CHAN PARITY ERROR 
*SYNC CHAN BREAK/ABORT DETECT 
•SYNC CHAN SYNC/CTL CHAR DETECT 
•SYNC CHAN END OF FRAME 
•SYNC CHAN RECEIVE DATA 

EXTERNAL INTERRUPT (P3 2 ) 
•SYNC CHAN ZERO COUNT 

EXTERNAL INTERRUPT (P2 2 ) 

•SYNC CHAN TRANSMIT UNDERRUN 
EXTERNAL INTERRUPT (P2 3 ) 

•SYNC CHAN TRANSMIT DATA 
EXTERNAL INTERRUPT (P3 3 ) 

UART RECEIVE OVERRUN 
UART FRAMING ERROR 
UART PARITY ERROR 
UART WAKEUP DETECT 
UART BREAK DETECT 
UART CONTROL CHAR DETECT 

UART RECEIVE DATA 
EXTERNAL INTERRUPT (P3 ) 

EXTERNAL INTERRUPT (P2 ) 

UART ZERO COUNT 
EXTERNAL INTERRUPT (P2i) 
UART TRANSMIT DATA 
EXTERNAL INTERRUPT (P3i) 



POLLING 


VECTORS 


LEVELS 






I 12 








IRQ2 






1 14 








IRQ5 










j 28 








IRQ4 








I 30 








IRQ7 






















2 o 










I 2 
















IRQ3 






| 4 


















j 6 








































IRQ0 




! ,G 






































1 16 










i 18 
















IRQ6 






i 20 


















i 

{ 22 














124 










IRQ1 






J26 




















i 





•Not currently available. 



Figure 10. Interrupt Levels and Vectors 
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Enables 

Interrupts can be enabled or disabled as follows: 

■ Interrupt enable/disable. The entire interrupt structure 
can be enabled or disabled by setting bit in the System 
Mode register (R222). 

■ Level enable. Each level can be enabled or disabled by 
setting the appropriate bit in the Interrupt Mask register 
(R221). 

■ Level priority. The priority of each level can be controlled 
by the values in the Interrupt Priority register (R255, Bank 
0). 

■ Source enable/disable. Each interrupt source can be 
enabled or disabled in the sources' Mode and Control 
register. 

Routine 

Before an interrupt request can be granted, a) interrupts 
must be enabled, b) the level must be enabled, c) it must be 
the highest priority interrupting level, d) it must be enabled at 
the interrupting source, and e) it must have the highest 
priority within the level. 

If all this occurs, an interrupt request is granted. 

The Super-8 then enters an interrupt machine cycle that 
completes the following sequence: 

■ It resets the Interrupt Enable bit to disable all subsequent 
interrupts. 

■ It saves the Program Counter and status flags on the 
stack. 

■ It branches to the address contained within the vector 
location for the interrupt. 

■ It passes control to the interrupt servicing routine. 

When the interrupt servicing routine has serviced the 
interrupt, it should issue an interrupt return (IRET) 
instruction. This restores the Program Counter and status 
flags and sets the Interrupt Enable bit in the System Mode 
register. 

Fast Interrupt Processing 

The Super-8 provides a feature called fast interrupt 
processing, which completes the interrupt servicing in 6 
clock periods instead of the usual 22. 



Two hardware registers support fast interrupts. The 
Instruction Pointer (IP) holds the starting address of the 
service routine, and saves the PC value when a fast interrupt 
occurs. A dedicated register, FLAG', saves the contents of 
the FLAGS register when a fast interrupt occurs. 

To use this feature, load the address of the service routine in 
the Instruction Pointer, load the level number into the Fast 
Interrupt Select field, and turn on the Fast Interrupt Enable 
bit in the System Mode register. 

When an interrupt occurs in the level selected for fast 
interrupt processing, the following occurs: 

■ The contents of the Instruction Pointer and Program 
Counter are swapped. 

■ The contents of the Flag register are copied into FLAG'. 

■ The Fast Interrupt Status Bit in FLAGS is set. 

■ The interrupt is serviced. 

■ When IRET is issued after the interrupt service outline is 
completed, the Instruction Pointer and Program Counter 
are swapped again. 

■ The contents of FLAG' are copied back into the Flag 
register. 

■ The Fast Interrupt Status bit in FLAGS is cleared. 

The interrupt servicing routine selected for fast processing 
should be written so that the location after the IRET 
instruction is the entry point the next time the (same) routine 
is used. 

Level or Edge Triggered 

Because internal interrupt requests are levels and interrupt 
requests from the outside are (usually) edges, the hardware 
for external interrupts uses edge-triggered flip-flops to 
convert the edges to levels. 

The level-activated system requires that interrupt-serving 
software perform some action to remove the interrupting 
source. The action involved in serving the interrupt may 
remove the source, or the software may have to actually 
reset the flip-flops by writing to the corresponding Interrupt 
Pending register. 
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STACK OPERATION 



The Super-8 architecture supports stack operations in the 
register file or in data memory. Bit 1 in the external Memory 
Timing register (R254 bank 0) selects between the two. 

Register pair 216-217 forms the Stack Pointer used for all 
stack operations. R21 6 is the MSB and R21 7 is the LSB. 

The Stack Pointer always points to data stored on the top of 
the stack. The address is decremented prior to a PUSH and 
incremented after a POP. 

The stack is also used as a return stack for CALLs and 
interrupts. During a CALL, the contents of the PC are saved 
on the stack, to be restored later. Interrupts cause the 
contents of the PC and FLAGS to be saved on the stack, for 
recovery by IRET when the interrupt is finished. 

When the Super-8 is configured for an internal stack (using 
the register file), R21 7 contains the Stack Pointer. R21 6 may 



be used as a general-purpose register, but its contents will 
be changed if an overflow or underflow occurs as the result 
of incrementing or decrementing the stack address during 
normal stack operations. 

User-Defined Stacks 

The Super-8 provides for user-defined stacks in both the 
register file and program or data memory. These can be 
made to increment or decrement on a push by the choice of 
opcodes. For example, to implement a stack that grows 
from low addresses to high addresses in the register file, use 
PUSHUI and POPUD. For a stack that grows from high 
addresses to low addresses in data memory, use LDEI for 
pop and LDEPD for push. 
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COUNTER/TIMERS 



The Super-8 has two identical independently 
programmable 1 6-bit counter/timers that can be cascaded 
to produce a single 32-bit counter. They can be used to 
count external events, or they can obtain their input 
internally. The internal input is obtained by dividing the 
crystal frequency by four. 

The counter/timers can be set to count up or down, by 
software or external events. They can be set for single or 
continuous cycle counting, and they can be set with a 
bi- value option, where two preset time constants alternate in 
loading the counter each time it reaches zero. This can be 
used to produce an output pulse train with a variable duty 
cycle. 



The counter/timers can also be programmed to capture the 
count value at an external event or generate an interrupt 
whenever the count reaches zero. They can be turned on 
and off in response to external events by using a gate and/or 
a trigger option. The gate option enables counts only when 
the gate line is Low; the trigger option turns on the counter 
after a transient High. The gate and trigger options used 
together cause the counter/timer to work in gate mode after 
initially being triggered. 

The control and status register bits for the counter/timers are 
shown in Figure 5. 



ABSOLUTE MAXIMUM RATINGS 



Voltage on all pins with respect 

to ground -0.3V to +7.0V 

Ambient Operating 

Temperature See Ordering Information 

Storage Temperature -65°Cto +150°C 



Stresses greater than these may cause permanent damage to the device. 
This is a stress rating only; operation of the device under conditions more 
severe than those listed for operating conditions may cause permanent 
damage to the device. Exposure to absolute maximum ratings for 
extended periods may also cause permanent damage. 



STANDARD TEST CONDITIONS 



Figure 1 1 shows the setup for standard test conditions. All 
voltages are referenced to ground, and positive current 
flows into the reference pin. 

Standard conditions are: 

■ + 4.75V <V CC < + 5.25V 

■ GND = 0V 

■ 0°C<T A < +70°C 

The Ordering Information section lists package temperature 
ranges and product numbers. Package drawings are in the 
Package Information section in this book. Refer to the 
Literature List for additional documentation. 



FROM OUTPUT . 




150 pf 7p 



TEST LOAD (FOR ALL PINS) 

Figure 1 1 . Standard Test Load 
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DC CHARACTERISTICS 



Symbol 



Parameter 



Min 



Max 



Unit 



Condition 



V C H 


Clock Input High Voltage 


3.8 


Vcc 


V 


Driven by Extern 


V C L 


Ciock Input Low Voltage 


-0.3 


0.8 


V 


Driven by Extern 


V|H 


Input High Voltage 


2.0 


Vcc 


V 




V|L 


Input Low Voltage 


-0.3 


0.8 


V 




Vrh 


Reset Input High Voltage 


3.8 


Vcc 


V 




Vrl 


Reset Input Low Voltage 


-0.3 


0.8 


V 




V H 


Output High Voltage 


2.4 




V 


l H = -400 M A 


vol 


Output Low Voltage 




0.4 


V 


Iql = + 4.0 mA 


IlL 


Input Leakage 


-10 


10 


^ 




lOL 


Output Leakage 


-10 


10 


ma 




l|R 


Reset Input Current 




-50 


ma 




'cc 


Vcc Supply Current 




500 


mA 




'mm 






To be provided 




V MM 






To be provided 





EXTERNAL MEMORY READ AND 
WRITE TIMING 

The timing for external memory read and write operations 
appears in Figure 12. 

TEST MODE 

The Super-8 has a special test mode designed to facilitate 
testing Super-8 devices that have on-board ROM. In 
response to a special waveform, the Super-8 accesses a 
special ROM circuit mapped into the first 128 memory 
locations. 



To enter test mode, drive the RESET input to Vcc +2.5V 
upon terminating a normal reset cycle. The proper 
waveform appears in Figure 13. 

After entering test mode, instructions fetched from the test 
ROM configure Ports and 1 for external memory 



operation, then jump to external memory location 4030h- 
There, diagnostic routines designed to verify the 
functionality of the Super-8 are invoked by the test program 
over the address/data bus. 

Because Port 1 must be used in address/data mode while 
the tester is supplying instructions, additional routines in the 
test ROM verify the Port 1 I/O and handshake modes. 

Vectors 

The first 32 locations of the test ROM contain interrupt 
vectors pointing to 4000 H , 4003 H , 4006 H . . . 402D H . This 
allows the external program to have a 2- or 3- byte jump 
instruction to each service routine. 

The Super-8 stays in test mode until a normal reset occurs. 
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Number Symbol 



Parameter 



Normal Timing Extended Timing 
Min Max Min Max 



Notes** 



1 


TdA(AS) 


Address Valid to AS t Delay 


25 


2 


TdAS(A) 


AS t to Address Float Delay 


35 


3 


TdAS(DR) 


AS t to Read Data Required Valid 




4 


TwAS 


AS Low Width 


35 


5 


TdA(DS) 


Address Float to DSI 





6a 


TwDS(Read) 


DS (Read) Low Width 


125 


6b 


TwDS(Write) 


DS (Write) Low Width 


65 


7 


TdDS(DR) 


DS I to Read Data Required Valid 




8 


ThDS(DR) 


Read Data to DS t Hold Time 





9 


TdDS(A) 


DS t to Address Active Delay 


20 


10 


TdDS(AS) 


DSt to AS \ Delay 


15 


11 


TdDO(DS) 


Write Data Valid to DS (Write) \ Delay 


15 


12 


TdAS(W) 


AS t to Wait Delay 




13 


ThDS(W) 


DSt to Wait Hold Time 





14 


TdRW(AS) 


R/W Valid to AS t Delay 


20 



140 



80 



90 



75 
85 

85 



275 

165 


70 
65 
65 


70 



335 



225 



335 



N OTES: 

1 . WAIT states add 1 00 ns to these times. 

2. Auto-wait states add 1 00 ns to this time. 



$ All times are in ns and are for 20 MHz input frequency. 
* Timings are preliminary and subject to change. 




Figure 12. External Memory Read and Write Timing 




Note the max imum r amp for application of 
+ 7.5 VDC to RESET pin . After a minimum of 
6 XTAL CLK cycles, the RESET voltage can be 
relaxed to VRH. 



Figure 1 3. Voltage Waveform for Test Mode 



2355-014,015 
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ORDERING INFORMATION 



Super-8 MCU, 4K ROM, 20 MHz 
40-pin DIP 48-pin DIP 

Z8811PS Z8810PS 



Super-8 MCU, 4K XROM, 20 MHz 
40-pin Protopack 48-pin Protopack 

Z8813TSf Z8812TSf 



Super-8 MCU, 8K ROM, 20 MHz 
40-pin DIP 48-pin DIP 

Z8821 PS Z8820 PS 



Super-8 MCU, 8K XROM, 20 MHz 
40-pin Protopack 48-pin Protopack 

Z8823 TSt Z8822 TSf 



Super-8 MCU, 16K ROM, 20 MHz 
40-pin DIP 48-pin DIP 

Z8831 PS Z8830 PS 



Super-8 MCU, 16KXROM, 20 MHz 
40-pin Protopack 48-pin Protopack 

Z8833TSt Z8832TSf 



Super-8 MCU ROMIess, 20 MHz 
40-pin DIP 48-pin DIP 

Z8801 PS Z8800 PS 



Codes 



First letter is for package; second letter is for temperature. 

C = Ceramic DIP 

P = Plastic DIP 

L = Ceramic LCC 

V = Plastic PCC 



TEMPERATURE 
S =0°Cto+70°C 
E = -40°Cto+85°C 
M*= -55°Cto+125°C 



R = Protopack 
T = Low Profile Protopack 
DIP = Dual-ln-Line Package 
LCC = Leadless Chip Carrier 
PCC = Plastic Chip Carrier (Leaded) 

FLOW 

B = 883 Class B 



Example: PS is a plastic DIP, 0°C to + 70°C. 

f Available soon. 

*For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 
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Z80 



Family 



Zilog 



Zilog Z80® Family 



Sets the Industry 
Standard for 8 Bits 



March 1985 



Zilog remains an industry leader, 
thanks to continuing innovation in 
microcomputer concepts and 
integrated design as exemplified in 
the Z80 Family microcomputer 
products. 

At Zilog, innovation means using 
proven, sophisticated mainframe 
and minicomputer concepts and 
translating them into the latest LSI 
technologies. Integration means 
more than designing an ever-greater 
number of functions onto a single 
chip. Zilog integrates technologies- 
LSI design enhanced by advances 
in computer-based system 
architecture and system design 
technologies. 

Zilog offers microprocessor 
solutions to computing problems: 
from components and development 
systems to OEM board-level 
products and general-purpose 
microcomputer systems. 

This guide to the Z80 Family of 
state-of-the-art microprocessors and 
intelligent peripheral controllers 
demonstrates Zilog's continued 
support for the Z80 microprocessor 
and the other members of the Z80 
product family— a family first 
introduced in 1 976 that continues to 
enjoy growing customer support 
while family chips are upgraded to 
newer and ever-higher standards. 



The Z8400 Z80 CPU Central 
Processing Unit rapidly established 
itself as the most sophisticated, most 
powerful, and most versatile 8-bit 
microprocessor in the world. It offers 
many more features and functions 
than its competitor. 

In addition to being source-code 
compatible with the 8080A 
microprocessor, the Z80 offers more 
instructions than the 8080A (1 58 vs. 
78) and numerous other features 
that simplify hardware requirements 
and reduce programming effort 
while increasing throuphout. The 
dual-register set of the Z80 CPU 
allows high-speed context switching 
and more efficient interrupt 
processing. Two index registers give 
additional memory-addressing 
flexibility and simplify the task of 
programming. Interfacing to 
dynamic memory is simplified by 
on-chip, programmable refresh 
logic. Block moves plus string- and 
bit-manipulation instructions reduce 
programming effort, program size, 
and execution time. 

The Z80L Low-Power Family 
widens the range of possible Z80 
applications. Products in this family 
retain all the functions of the 
standard components while 
providing dramatic power savings 
and increased reliability. Available 
now in low-power versions are the 
Z80 CPU, Z80 CTC, Z80 PIO, and 
Z80 SIO. 



The new Z80C CMOS Family 

widens the range of applications. 
Products within this family are pin 
compatible with, and retain all 
functions of, the standard and 
Low-Power components while 
providing even lower power savings 
and increased reliability. The 
Z84C00 CPU, the Z84C20 PIO, the 
Z84C30 CTC, and the Z84C40 SIO 
will be available in 2.5 and 4.0 MHz 
speed grades for the Z80C CMOS 
Family of devices. 

The four traditional functions of a 
microcomputer system (parallel I/O, 
serial I/O, counting/timing, and direct 
memory access) are easily 
implemented by the Z80 CPU and 
the following well-proven family of 
Z80 peripheral devices: Z80 PIO, 
Z80 SIO, Z80 DART, Z80 CTC, and 
Z80 DMA. 

The easily programmed, 
dual-channel Z8420 Z80 PIO 
Parallel Input/Output Controller 
offers two 8-bit I/O ports with 
individual handshake and pattern 
recognition logic. Both I/O ports 
operate in either a byte or a bit 
mode. In addition, this device can 
be programmed to generate 
interrupts for various status 
conditions. 
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All common data communications 
protocols, asynchronous as well as 
synchronous, are remarkably well 
handled by the Z8440 Z80 SIO 
Serial Input/Output Controller. 
This dual-channel receiver/ 
transmitter device offers on-chip 
parity and CRC generation/ 
checking. FIFO buffering and flag- 
and frame-detection generation 
logic are also offered. 

If asynchronous-only applications 
are required, the cost-effective 



Z8470Z80 DART Dual 
Asynchronous Receiver/ 
Transmitter can be used in place of 
the Z80 SIO. The Z80 DART offers 
all Z80 SIO asynchronous features 
in two channels. 

Timing and event-counting 
functions are the forte of the Z8430 
Z80 CTC Counter/Timer 
Controller. The CTC provides four 
counters, each with individually 
programmable prescalers. The CTC 
is a convenient source of 
programmable clock rates for the 
SIO. 



With the Z841 Z80 DMA Direct 
Memory Access Controller, data 
can be transferred directly between 
any two ports (typically, I/O and 
memory). The DMA transfers, 
searches, or search/transfers date in 
Byte-by-Byte, Burst, or Continuous 
modes. This device can achieve an 
impressive 2 Mbytes per second 
data rate in the Search mode. 
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Z8400 

Z80® CPU Central 

Processing Unit 



Zilog 



Product 
Specification 



April 1985 



FEATURES 

■ The instruction set contains 158 instructions. The 78 
instructions of the 8080A are included as a subset; 
8080A software compatibility is maintained. 

■ Eight MHz, 6 MHz, 4 MHz, and 2.5 MHz clocks for the 
Z80H, Z80B, Z80A, and Z80 CPU result in rapid 
instruction execution with consequent high data 
throughput. 

■ The extensive instruction set includes string, bit, byte, 
and word operations. Block searches and block 
transfers, together with indexed and relative addressing, 
result in the most powerful data handling capabilities in 
the microcomputer industry. 

■ The Z80 microprocessors and associated family of 
peripheral controllers are linked by a vectored interrupt 
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system. This system may be daisy-chained to allow O 
implementation of a priority interrupt scheme. Little, if Jj 
any, additional logic is required for daisy-chaining. ^ 

Duplicate sets of both general-purpose and flag registers 
are provided, easing the design and operation of 
system software through single-context switching, 
background-foreground programming, and single-level 
interrupt processing. In addition, two 16-bit index 
registers facilitate program processing of tables and 
arrays. 

There are three modes of high speed interrupt 
processing: 8080 similar, non-Z80 peripheral device, 
and Z80 Family peripheral with or without daisy chain. 

On-chip dynamic memory refresh counter. 
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Figure 1 . Pin Functions 



Figure 2a. 40-Pin Dual-ln-Line Package (DIP) 
Pin Assignments 
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Figure 2b. 44-Pin Chip Carrier Pin Assignments 



GENERAL DESCRIPTION 



TheZ80, Z80A, Z80B, andZ80H CPUs are third-generation 
single-chip microprocessors with exceptional computa- 
tional power. They offer higher system throughput and more 
efficient memory utilization than comparable second- and 
third-generation microprocessors. The internal registers 
contain 208 bits of read/write memory that are accessible to 
the programmer. These registers include two sets of six 
general-purpose registers which may be used individually 
as either 8-bit registers or as 1 6-bit register pairs. In addition, 
there are two sets of accumulator and flag registers. A group 
of "Exchange" instructions makes either set of main or 
alternate registers accessible to the programmer. The 
alternate set allows operation in foreground-background 
mode or it may be reserved for very fast interrupt response. 



The Z80 also contains a Stack Pointer, Program Counter, two 
index registers, a Refresh register (counter), and an 
Interrupt register. The CPU is easy to incorporate into a 
system since it requires only a single + 5V power source. All 
output signals are fully decoded and timed to control 
standard memory or peripheral circuits; the CPU is 
supported by an extensive family of peripheral controllers. 
The internal block diagram (Figure 3) shows the primary 
functions of the Z80 processors. Subsequent text provides 
more detail on the Z80 I/O controller family, registers, 
instruction set, interrupts and daisy chaining, and CPU 
timing. 
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Figure 3. Z80 CPU Block Diagram 
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Z80 MICROPROCESSOR FAMILY 



The Zilog Z80 microprocessor is the central element of a 
comprehensive microprocessor product family. This family 
works together in most applications with minimum 
requirements for additional logic, facilitating the design of 
efficient and cost-effective microcomputer-based systems. 

Zilog has designed five components to provide extensive 
support for the Z80 microprocessor. These are: 

■ The PIO (Parallel Input/Output) operates in both 
data-byte I/O transfer mode (with handshaking) and in bit 
mode (without handshaking). The PIO may be 
configured to interface with standard parallel peripheral 
devices such as printers, tape punches, and keyboards. 

■ The CTC (Counter/Timer Circuit) features four pro- 
grammable 8-bit counter/timers, each of which has an 



8-bit prescaler. Each. of the four channels may be 
configured to operate in either counter or timer mode. 

The DMA (Direct Memory Access) controller provides 
dual port data transfer operations and the ability to 
terminate data transfer as a result of a pattern match. 

The SIO (Serial Input/Output) controller offers two 
channels. It is capable of operating in a variety of 
programmable modes for both synchronous and 
asynchronous communication, including Bi-Synch and 
SDLC. 

The DART (Dual Asynchronous Receiver/Transmitter) 
device provides low cost asynchronous serial 
communication. It has two channels and a full modem 
control interface. 



N 

§ 



Z80 CPU REGISTERS 

Figure 4 shows three groups of registers within the Z80 
CPU. The first group consists of duplicate sets of 8-bit 
registers: a principal set and an alternate set (designated by 
' [prime], e.g., A'). Both sets consist of the Accumulator 
Register, the Flag Register, and six general-purpose 
registers. Transfer of data between these duplicate sets of 
registers is accomplished by use of "Exchange" 
instructions. The result is faster response to interrupts and 
easy, efficient implementation of such versatile pro- 

MAIN REGISTER SET 



gramming techniques as background-foreground data 
processing. The second set of registers consists of six 
registers with assigned functions. These are the I (Interrupt 
Register), the R (Refresh Register), the IX and IY (Index 
Registers), the SP (Stack Pointer), and the PC (Program 
Counter). The third group consists of two interrupt status 
flip-flops, plus an additional pair of flip-flops which assists in 
identifying the interrupt mode at any particular time. Table 1 
provides further information on these registers. 

ALTERNATE REGISTER SET 



A ACCUMULATOR 


F FLAG REGISTER 


A' ACCUMULATOR 


F' FLAG REGISTER 


B GENERAL PURPOSE 


C GENERAL PURPOSE 


B' GENERAL PURPOSE 


C GENERAL PURPOSE 


D GENERAL PURPOSE 


E GENERAL PURPOSE 


D' GENERAL PURPOSE 


E' GENERAL PURPOSE 


H GENERAL PURPOSE 


L GENERAL PURPOSE 


H' GENERAL PURPOSE 


L' GENERAL PURPOSE 



-^ — 


16 BITS 


► 


IX INDEX REGISTER 


IY INDEX REGISTER 


SP STACK POINTER 


PC PROGRAM COUNTER 


I INTERRUPT VECTOR 


R MEMORY REFRESH 



INTERRUPT FLIP-FLOPS STATUS 



4: 



= INTERRUPTS DISABLED 
INTERRUPTS ENABLED 



STORES IFF1 

DURING NMI 

SERVICE 



INTERRUPT MODE FLIP-FLOPS 



IMF a 


IMFb 



INTERRUPT MODE 

1 NOT USED 

INTERRUPT MODE 1 

1 INTERRUPT MODE 2 



Figure 4. CPU Registers 
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Z80 CPU REGISTERS (Continued) 



Table 1 . Z80 CPU Registers 



Register 



Size (Bits) 



Remarks 



A, A' 


Accumulator 


8 


F,F' 


Flags 


8 


B, B' 


General Purpose 


8 


C,C 


General Purpose 


8 


D,D' 


General Purpose 


8 


E,E' 


General Purpose 


8 


H,H' 


General Purpose 


8 


L,L' 


General Purpose 


8 



I 


Interrupt Register 


8 


R 


Refresh Register 


8 


IX 


Index Register 


16 


IY 


Index Register 


16 


SP 


Stack Pointer 


16 


PC 


Program Counter 


16 


IFF1-IFF2 


Interrupt Enable 


Flip-Flops 


IMFa-IMFb 


Interrupt Mode 


Flip-Flops 



Stores an operand or the results of an operation. 

See Instruction Set. 

Can be used separately or as a 1 6-bit register with C. 

See B, above. 

Can be used separately or as a 1 6-bit register with E. 

See D, above. 

Can be used separately or as a 1 6-bit register with L. 

See H, above. 

Note: The (B,C), (D,E), and (H,L) sets are combined as follows: 

B — High byte C — Low byte 

D — High byte E — Low byte 

H — High byte L — Low byte 

Stores upper eight bits of memory address for vectored interrupt 
processing. 

Provides user-transparent dynamic memory refresh. Automatically 
incremented and placed on the address bus during each 
instruction fetch cycle. 

Used for indexed addressing. 

Used for indexed addressing 

Holds address of the top of the stack. See Push or Pop in instruction 

set. 

Holds address of next instruction. 

Set or reset to indicate interrupt status (see Figure 4). 

Reflect Interrupt mode (see Figure 4). 



INTERRUPTS: GENERAL OPERATION 



The CPU accepts two interrupt input signals: NMI and INT 
The NMI is a non-maskable interrupt and has the highest 
priority. INT is a lower priority interrupt and it requires that 
interrupts be enabled in software in order to operate. INT 
can be connected to multiple peripheral devices in a 
wired-OR configuration. 

The Z80 has a single response mode for interrupt service for 
the non-maskable interrupt. The maskable interrupt, INT, 
has three programmable response modes available. These 
are: 

■ Mode — similar to the 8080 microprocessor. 

■ Mode 1 — Peripheral Interrupt service, for use with 
non-8080/Z80 systems. 

■ Mode 2 — a vectored interrupt scheme, usually 
daisy-chained, for use with Z80 Family and compatible 
peripheral devices. 



The CPU services interrupts by sampling the NMI and INT 
signals at the rising edge of the last clock of an instruction. 
Further interrupt service processing depends upon the type 
of interrupt that was detected. Details on interrupt responses 
are shown in the CPU Timing Section. 

Non-Maskable Interrupt (NMI). The nonmaskable 
interrupt cannot be disabled by program contr ol an d 
therefore will be accepted at all times by the CPU. NMI is 
usually reserved for servicing only the highest priority type 
interrupts, such as that for orderly shutdown after p ower 
failure has been detected . After recognition of the NMI 
signal (providing BUSREQ is not active), the CPU jumps to 
restart location 0066H. Normally, software starting at this 
address contains the interrupt service routine. 

Maskable Interrupt (INT). Regardless of the interrupt 
mode set by the user, the Z80 response to a maskable 
interrupt input follows a common timing cycle. After the 
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interrupt has been detect ed by the CPU (provided that 
interrupts are enabled and BUSREQ is not active) a special 
interrupt processing cycle b egins. This is a special fetch 
(M1) c ycle in which IORQ becomes active rather t han 
MREQ, as in a normal M1 cycle. In ad dition, this special M1 
cycle is automatically extended by two WAIT states, to allow 
for the time required to acknowledge the interrupt request. 

Mode Interrupt Operation. This mode is similar to the 
8080 microprocessor interrupt service procedures. The 
interrupting device places an instruction on the data bus. 
This is normally a Restart instruction, which will initiate a call 
to the selected one of eight restart locations in page zero of 
memory. Unlike the 8080, theZ80CPU responds to the Call 
instruction with only one interrupt acknowledge cycle 
followed by two memory read cycles. 

Mode 1 Interrupt Ope ration. Mode 1 operation is very 
similar to that for the NMI. The principal difference is that the 
Mode 1 interrupt has only one restart location, 0038H. 

Mode 2 Interrupt Operation. This interrupt mode has 
been designed to utilize most effectively the capabilities of 
the Z80 microprocessor and its associated peripheral 
family. The interrupting peripheral device selects the starting 
address of the interrupt service routine. It does this by 
placing an 8-bit vector on the data bus during the interrupt 
acknowledge cycle. The CPU forms a pointer using this byte 
as the lower 8 bits and the contents of the I register as the 
upper 8 bits. This points to an entry in a table of addresses 
for interrupt service routines. The CPU then jumps to the 
routine at that address. This flexibility in selecting the 
interrupt service routine address allows the peripheral 
device to use several different types of service routines. 
These routines may be located at any available location in 
memory. Since the interrupting device supplies the 
low-order byte of the 2-byte vector, bit (A ) must be a zero. 

Interrupt Priority (Daisy Chaining and Nested 
Interrupts). The interrupt priority of each peripheral device 
is determined by its physical location within a daisy-chain 
configuration. Each device in the chain has an interrupt 
enable input line (IEI) and an interrupt enable output line 
(IEO), which is fed to the next lower priority device. The first 
device in the daisy chain has its IEI input hardwired to a High 



level. The first device has highest priority, while each 
succeeding device has a corresponding lower priority. This 
arrangement permits the CPU to select the highest priority 
interrupt from several simultaneously interrupting 
peripherals. 

The interrupting device disables its IEO line to the next lower 
priority peripheral until it has been serviced. After servicing, 
its IEO line is raised, allowing lower priority peripherals to 
demand interrupt servicing. 

The Z80 CPU will nest (queue) any pending interrupts or 
interrupts received while a selected peripheral is being 
serviced. 

Interrupt Enable/Disable Operation. Two flip-flops, IFF-| 
and IFF2, referred to in the register description, are used to 
signal the CPU interrupt status. Operation of the two 
flip-flops is described in Table 2. For more details, refer to the 
Z80 CPU Technical Manual (03-0029-01 ) and Z80 Assembly 
Language Programming Manual (03-0002-01). 

Table 2. State of Flip-Flops 



Action 


IFFi 


IFF 2 


Comments 


CPU Reset 








Maskable interrupt 
INT disabled 


Dl instruction execution 








Maskable interrupt 
INT disabled 


El instruction execution 


1 


1 


Maskable interrupt 
INT enabled 


LD A, I instruction execution 


• 


• 


I FF 2 -* Parity flag 


LD A,R instruction execution 


• 


• 


IFF2-* Parity flag 


Accept NMI 





IFF! 


IFFi ■* IFF 2 
(Maskable interrupt 
INT disabled) 


RETN instruction execution 


IFF 2 


• 


IFF 2 -*IFF 1 at 

completion of an 
NMI service 
routine. 



3 
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INSTRUCTION SET 

The Z80 microprocessr has one of the most powerful and 
versatile instruction sets available in any 8-bit micro- 
processor. It includes such unique operations as a block 
move for fast, efficient data transfers within memory, or 
between memory and I/O. It also allows operations on any 
bit in any location in memory. 

The following is a summary of the Z80 instruction set which 
shows the assembly language mnemonic, the operation, 
the flag status, and gives comments on each instruction. For 
an explanation of flag notations and symbols for mnemonic 
tables, see the Symbolic Notations section which follows 
these tables. The Z80 CPU Technical Manual (03-0029-01), 
the Programmer's Reference Guide (03-0012-03), and 
Assembly Language Programming Manual (03-0002-01) 
contain significantly more details for programming use. 

The instructions are divided into the following categories: 

□ 8-bit loads 

□ 16-bit loads 

□ Exchanges, block transfers, and searches 

□ 8-bit arithmetic and logic operations 

□ General-purpose arithmetic and CPU control 

□ 1 6-bit arithmetic operations 



□ Rotates and shifts 

D Bit set, reset, and test operations 

□ Jumps 

□ Calls, returns, and restarts 

□ Input and output operations 

A variety of addressing modes are implemented to permit 
efficient and fast data transfer between various registers, 
memory locations, and input/output devices. These 
addressing modes include: 

□ Immediate 

□ Immediate extended 

□ Modified page zero 

□ Relative 

□ Extended 

□ Indexed 

□ Register 

□ Register indirect 

□ Implied 

□ Bit 



8-BIT LOAD GROUP 





Symbolic 








Flags 








( 


Dpcode 




No. of 


No.ofM No.ofT 






Mnemonic 


Operation 


S 


z 




H 




P/VN 


c 


76 


543 210 


Hex 


Bytes 


Cycles 


States 


Comments 


LD r, r' 


r^r' 


• 


• 


x 


• 


X 


• 


• 


• 


01 


r r' 




1 


1 


4 


r, r' 


Reg. 


LDr.n 


r«-n 


• 


• 


X 


• 


X 


• 


• 


• 


00 


r 110 
*-n-* 




2 


2 


7 


000 
001 


B 
C 


LD r, (HL) 


r-(HL) 


• 


• 


X 


• 


X 


• 


• 


• 


01 


r 110 




1 


2 


7 


010 


D 


LDr,(IX + d) 


r-(IX + d) 


• 


• 


X 


• 


X 


• 


• 


• 


11 

01 


011 101 
r 110 
«-d- 


DD 


3 


5 


19 


011 
100 
101 


E 
H 
L 


LDr,(IY + d) 


r«-(IY + d) 


• 


• 


X 


• 


X 


• 


• 


• 


11 

01 


111 101 
r 110 


FD 


3 


5 


19 


111 


A 


LD(HL),r 


(HL)-r 


• 


• 


X 


• 


X 


• 


• 


• 


01 


110 r 




1 


2 


7 






LD(IX + d),r 


(IX + d)-r 


• 


• 


X 


• 


X 


• 


• 


• 


11 

01 


011 101 
110 r 
«-d-> 


DD 


3 


5 


19 






LD(IY + d), r 


(IY + d)-r 


• 


• 


X 


• 


X 


• 


• 


• 


11 

01 


111 101 
110 r 
-d- 


FD 


3 


5 


19 






LD(HL), n 


(HL)-n 


• 


• 


X 


• 


X 


• 


• 


• 


00 


110 110 
*-n-» 


36 


2 


3 


10 






LD(IX + d),n 


(IX + d)-n 


• 


• 


X 


• 


X 


• 


• 


• 


11 

00 


011 101 
110 110 


DD 
36 


4 


5 


19 
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8-BIT LOAD GROUP (Continued) 



Symbolic 
Mnemonic Operation 



Flags Opcode No. of No.ofM No.ofT 

S Z H P/V N C 76 543 210 Hex Bytes Cycles States Comments 



LD(IY + d),n (IY + d)*-n 



• 11 111 101 FD 



19 





















00 


110 


110 


36 




























«-d-* 
































*-n-* 












LDA,(BC) 


A*-(BC) 


• 


• 


X 


• 


X • 


• 


• 


00 


001 


010 


0A 


1 


2 


7 


LDA.(DE) 


A-(DE) 


• 


• 


X 


• 


X • 


• 


• 


00 


011 


010 


1A 


1 


2 


7 


LDA.(nn) 


A - (nn) 


• 


• 


X 


• 


X • 


• 


• 


00 


111 


010 


3A 


3 


4 


13 


LD (BC), A 


(BC)-A 


• 


• 


X 


• 


X • 


• 


• 


00 


000 


010 


02 


1 


2 


7 


LD(DE),A 


(DE)-A 


• 


• 


X 


• 


X • 


• 


• 


00 


010 


010 


12 


1 


2 


7 


LD(nn),A 


(nn)^A 


• 


• 


X 


• 


X • 


• 


• 


00 


110 
*-n-* 


010 


32 


3 


4 


13 


LDA.I 


A«-l 


* 


* 


X 





X IFF 





• 


11 

01 


101 
010 


101 

111 


ED 
57 


2 


2 


9 


LDA, R 


A*-R 


♦ 


* 


X 





X IFF 





• 


11 

01 


101 
011 


101 

111 


ED 
5F 


2 


2 


9 


LDI.A 


l-A 


• 


• 


X 


• 


X • 


• 


• 


11 

01 


101 
000 


101 

111 


ED 
47 


2 


2 


9 


LDR.A 


R*-A 


• 


• 


X 


• 


X • 


• 


• 


11 

01 


101 
001 


101 

111 


ED 
4F 


2 


2 


9 



M 

s 

I 



NOTE' IFF, the content of the interrupt enable flip-flop, (IFF2), is copied into the P/V flag. 



16-BIT LOAD GROUP 



Symbolic Flags Opcode No. of No.ofM No.ofT 

Mnemonic Operation S Z H P/V N C 76 543 210 Hex Bytes Cycles States Comments 



LDdd.nn dd«-nn 



• X • X 



► • 00 ddO 001 3 3 

*-n-* 
*-n-* 
LDIX.nn IX*-nn • • X • X • • • 11 011 101 DD 4 4 

00 100 001 21 

*-n-* 
LDIY, nn lY^nn • • X • X • • • 11 111 101 FD 4 4 

00 100 001 21 

LDHL.(nn) H-(nn + 1) • • X • X • • • 00 101 010 2A 3 5 

L *- (nn) *- n -* 

LDdd.(nn) dd H *-(nn + 1) • • X • X • • • 11 101 101 ED 4 6 

dd L «-(nn) 01 dd1 011 

NOTE. (PAIR)h, (PAIR)|_ refer to high order and low order eight bits of the register pair respectively, e.g , BC|_ = C, AFh = A. 



10 dd Pair 



16 



20 



00 BC 

01 DE 
14 10 HL 

11 SP 



14 
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16-BIT LOAD GROUP (Continued) 



Symbolic Flags Opcode No. of No.ofM No. ofT 

Mnemonic Operation S Z H P/V N C 76 543 210 Hex Bytes Cycles States Comments 

LDIX,(nn) IX H -(nn + 1) • • X • X • • • 11 011 101 DD 4 6 20 

IX L «-(nn) 00 101 010 2A 

LDIY.(nn) IY H *-(nn + 1) • • X • X • • • 11 111 101 FD 4 6 20 

IY L -(nn) 



LDSRHL 


SP^-HL 


LDSRIX 


<SP*-IX 


LDSRIY 


SP*-IY 


PUSHqq 


(SP-2)* 



LD(nn), HL (nn + 1)-H • • X • X • • 
(nn)-L 

LD(nn),dd (nn + 1)-dd H • • X • X • • 
(nn)«-dd L 



LD(nn),IX (nn + 1)«-IX H 
(nn) «- IX L 



LD(nn),IY (nn + 1)«-IY H • • X • X 
(nn)-IY L 



• • X • X • • • 

• • X • X • • ♦ 

• • X • X • • • 

(SP-2)«-qq L • • X • X • • • 

(SP-1)-qq H 

SP-*SP-2 
PUSH IX (SP-2)«-IX L • • X • X • • • 

(SP-1)-IX H 

SP-*SP -2 
PUSHIY (SP-2)-IY L • • X • X • • • 11 111 101 FD 2 4 15 

(SP-1)-IY H 11 100 101 E5 

SP-*SP-2 
POPqq qq H «-(SP+1) • • X • X • • • 11 qqO 001 1 3 10 

qqL-(SP) 

SP-*SP +2 
POP IX IX H *-(SP+1) • • X • X • • • 11 011 101 DD 2 4 14 

IX L «-(SP) 11 100 001 E1 

SP-*SP+2 
POPIY IY H ^(SP+1) • • X • X • • • 11 111 101 FD 2 4 14 

IY L -(SP) 11 100 001 E1 

SP-*SP+2 

NOTE: (PAIR)h, (PAIR)l refer to high order and low order eight bits of the register pair respectively, e.g., BCl = C, AFh = A. 
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00 


101 
*-n-* 


010 


2A 












00 


100 


010 


22 


3 


5 


16 






11 


101 


101 


ED 


4 


6 


20 






01 


ddO 
"*-n-* 
«-n-* 


011 














11 


011 


101 


DD 


4 


6 


20 






00 


100 
*-n-* 


010 


22 












11 


111 


101 


FD 


4 


6 


20 






00 


100 
*-n-* 


010 


22 












11 


111 


001 


F9 


1 


1 


6 






11 


011 


101 


DD 


2 


2 


10 






11 


111 


001 


F9 












11 


111 


101 


FD 


2 


2 


10 






11 


111 


001 


F9 








qq 


Pair 


11 


qqO 


101 




1 


3 


11 


00 
01 
10 


BC 
DE 
HL 


11 


011 


101 


DD 


2 


4 


15 


11 


AF 


11 


100 


101 


E5 













EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS 





Symbolic 








Flags 




Opcode 




No. of 


No.ofM No.ofT 




Mnemonic 


Operation 


S 


z 




H 


P/VN 


c 


76 


543 


210 


Hex 


Bytes 


Cycles 


States 


Comments 


EX DE, HL 


DE^HL 


• 


• 


X 


• 


X • • 


• 


11 


101 


011 


EB 


1 


1 


4 




EX AF, AF' 


AF~AF' 


• 


• 


X 


• 


X • • 


• 


00 


001 


000 


08 


1 


1 


4 




EXX 


BC~BC 
DE-DE' 
HL~HL' 


• 


• 


X 


• 


X • • 


• 


11 


011 


001 


D9 


1 


1 


4 


Register bank 
and auxiliary 
register bank 
exchange 


EX(SP),HL 


H~(SP + 1) 
L-(SP) 


• 


• 


X 


• 


X • • 


• 


11 


100 


011 


E3 


1 


5 


19 




EX(SP),IX 


IX H -(SP + 1) 
IX L -(SP) 


• 


• 


X 


• 


X • • 


• 


11 
11 


011 
100 


101 
011 


DD 
E3 


2 


6 


23 




EX (SP), IY 


IY H ~(SP + 1) 
IYL-(SP) 


• 


• 


X 


• 


X • • 

© 


• 


11 
11 


111 

100 


101 
011 


FD 
E3 


2 


6 


23 




LDI 


(DE)-(HL) 
DE-DE + 1 
HL^HL+1 
BC*-BC-1 


• 


• 


X 





X * 


• 


11 

10 


101 
100 


101 
000 


ED 
A0 


2 


4 


16 


Load (HL) into 
(DE), increment 
the pointers and 
decrement the 
byte counter 
(BC) 


LDIR 


(DE)-(HL) 


• 


• 


X 





X 


• 


11 


101 


101 


ED 


2 


5 


21 


If BC # 




DE*-DE + 1 














10 


110 


000 


BO 


2 


4 


16 


If BC = 




HL^-HL+1 
































BC^BC-1 
































Repeat until 
































BC - 










© 




















LDD 


(DE)-(HL) 
DE-DE-1 
HL-HL-1 
BC-BC-1 


• 


• 


X 





X ♦ 

© 


• 


11 

10 


101 
101 


101 
000 


ED 
A8 


2 


4 


16 




LDDR 


(DE)-(HL) 


• 


• 


X 





X 


• 


11 


101 


101 


ED 


2 


5 


21 


If BC # 




DE*-DE-1 














10 


111 


000 


B8 


2 


4 


16 


If BC = 




HL«-HL-1 
































BC^BC-1 
































Repeat until 
































BC = 




® 






© 




















CPI 


A - (HL) 


t 


* 


X 


♦ 


X * 1 


• 


11 


101 


101 


ED 


2 


4 


16 






HL^HL+1 














10 


100 


001 


A1 












BC*-BC-1 































© 
a 



NOTE: P/V flag is if the result of BC - 1 =0, otherwise P/V =. 1 . 
© P/V flag is only at completion of instruction. 
© Zflag is 1 if A = HL , otherwise Z = 0. 
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EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS (Continued) 



Symbolic 
Mnemonic Operation S Z 



Flags Opcode No. of No. ofM No. ofT 

H P/VN C 76 543 210 Hex Bytes Cycles States Comments 



CPIR 



CPD 



CPDR 



A - (HL) 

HL«-HL+1 
BC^-BC-1 
Repeat until 
A = (HL)or 
BC = 

A - (HL) 

HL-HL-1 

BC^BC-1 

A - (HL) 

HL-HL-1 
BC^BC-1 
Repeat until 
A = (HL)or 
BC = 



® © 

$ $ X * X $ 1 



® © 

I * X * X * 1 



® © 



11 


101 101 


ED 


2 


5 


21 


If BC # and 
A#(HL) 


10 


110 001 


B1 


2 


4 


16 


lfBC=0or 
A = (HL) 



11 


101 


101 


ED 


2 


4 


16 




10 


101 


001 


A9 










11 


101 


101 


ED 


2 


5 


21 


If BC # and 
A#(HL) 


10 


111 


001 


B9 


2 


4 


16 


If BC = Oor 

•A = (HL) 



NOTE P/V flag is if the result of BC - 1 =0, otherwise P/V = 1 . 
@ P/V flag is only at completion of instruction 
© Zflag is 1 if A = (HL), otherwise Z = 0. 



8-BIT ARITHMETIC AND LOGICAL GROUP 



Symbolic 
Mnemonic Operation 



S Z 



Flags Opcode No. of No. ofM No. ofT 

H P/V N C 76 543 210 Hex Bytes Cycles States Comments 



ADDA.r 


A«-A + r 


$ 


$ 


X 


$ 


X 


V 





* 


10 


1 000 1 r 


ADDA.n 


A*-A + n 


$ 


$ 


X 


t 


X 


V 





* 


11 


foool 110 
-*-n-* 


ADDA.(HL) 


A^A + (HL) 


t 


$ 


X 


$ 


X 


V 





* 


10 


foool 110 


ADD A, (IX + 


d)A*-A + (IX + d) 


* 


* 


X 


♦ 


X 


V 





♦ 


11 

10 


011 101 

[pool 110 
^d-> 


ADDA,(IY + 


d)A^A + (IY + d) 


$ 


* 


X 


$ 


X 


V 





t 


11 

10 


111 101 

foool 110 
-d- 


ADC A, s 


A^-A + s + CY 


♦ 


* 


X 


* 


X 


V 





t 




fooTI 


SUBs 


A^-A-s 


* 


♦ 


X 


t 


X 


V 


1 


t 




Loiol 


SBC A, s 


A^A-s-CY ♦ 


$ 


X 


t 


X 


V 


1 


t 




[pTTl 


ANDs 


A^A>s 


* 


$ 


X 


1 


X 


p 










Hop] 


ORs 


A«-A>s 


* 


t 


X 





X 


p 










11101 


XORs 


A«-Aes 


* 


* 


X 





X 


p 










Ron 


CPs 


A-s 


$ 


* 


X 


$ 


X 


V 


1 


♦ 




rrm 



DD 



FD 



7 
19 



19 



000 
001 
010 
011 
100 
101 
111 



B 
C 
D 
E 
H 
L 
A 



s is any of r, n, 
(HL),(IX + d), 
(IY + d)as 
shown for ADD 
instruction. The 
indicated bits 
replace the 
1 000 1 in the 
ADD set above. 
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8-BIT ARITHMETIC AND LOGICAL GROUP (Continued) 





Symbolic 








Flags 








Opcode 




No. of 


No.ofM No.ofT 






Mnemonic 


Operation 


S 


z 




H 




P/VN 


c 


76 


543 


210 


Hex 


Bytes 


Cycles 


States 


Comments 




INCr 


r*-r+1 


t 


t 


X 


t 


X 


V 





• 


00 


r 


rrooi 




1 


1 


4 






INC(HL) 


(HL)- 






































(HL) + 1 


t 


t 


X 


$ 


X 


V 





• 


00 


110 


hool 




1 


3 


11 






INC(IX + d) 


(IX + d)- 
(IX + d) + 1 


t 


t 


X 


t 


X 


V 





• 


11 

00 


011 

110 

«-d- 


101 

nooi 


DD 


3 


6 


23 






INC(IY + d) 


(IY + d)«- 
(IY + d) + 1 


t 


t 


X 


t 


X 


V 





• 


11 

00 


111 

110 

«-d- 


101 

nooi 


FD 


3 


6 


23 






DECm 


m*-m-1 


t 


t 


X 


t 


X 


V 


1 


• 






[Ton 












M 


NOTE: m is any of r, (HL), (IX + d), (IY 


+ d) 


as shown for INC. DEC same format and states as INC. 


Replace 1 100 | with 1 101 | in opcode 


00 

o 






































o 






































GENERAL-PURPOSE ARITHMETIC AND CPU CONTROL GROUPS 








■a 

a 




Symbolic 








Flags 








Opcode 




No. of 


No.ofM No.ofT 






Mnemonic 


Operation 


s 


Z 




H 




P/VN 


c 


76 


543 


210 


Hex 


Bytes 


Cycles 


States 


Comments 




DAA 


@ 


t 


t 


X 


t 


X 


p 


• 


* 


00 


100 


111 


27 


1 


1 


4 


Decimal adjust 
accumulator. 




CPL 


A-A 


• 


• 


X 


1 


X 


• 


1 


• 


00 


101 


111 


2F 


1 


1 


4 


Complement 
accumulator 
(one's 
complement). 




NEG 


A-0- A 


t 


* 


X 


♦ 


X 


V 


1 


1 


11 

01 


101 
000 


101 
100 


ED 

44 


2 


2 


8 


Negate ace. 

(two's 

complement). 




CCF 


CY-CY 


• 


• 


X 


X 


X 


• 





* 


00 


111 


111 


3F 


1 


. 1 


4 


Complement 
carry flag. 




SCF 


CY-1 


• 


• 


X 





X 


• 





1 


00 


110 


111 


37 






4 


Set carry flag. 




NOP 


No operation 


• 


• 


X 


• 


X 


• 


• 


• 


00 


000 


000 


00 






4 






HALT 


CPU halted 


• 


• 


X 


• 


X 


• 


• 


• 


01 


110 


110 


76 






4 






Dl* 


IFF-0 


• 


• 


X 


• 


X 


• 


• 


• 


11 


110 


011 


F3 






4 






El* 


IFF*- 1 


• 


• 


X 


• 


X 


• 


• 


• 


11 


111 


011 


FB 






4 






IMO 


Set interrupt 
modeO 


• 


• 


X 


• 


X 


• 


• 


• 


11 

01 


101 
000 


101 
110 


ED 

46 


2 


2 


8 






IM1 


Set interrupt 
model 


• 


• 


X 


• 


X 


• 


• 


• 


11 

01 


101 
010 


101 
110 


ED 
56 


2 


2 


8 






IM2 


Set interrupt 
mode 2 


• 


• 


X 


• 


X 


• 


• 


• 


11 

01 


101 
011 


101 
110 


ED 
5E 


2 


2 


8 







NOTES: @ converts accumulator content into packed BCD following add or subtract with packed BCD operands. 
IFF indicates the interrupt enable flip-flop. 
CY indicates the carry flip-flop. 
• indicates interrupts are not sampled at the end of El or Dl 
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1 6-BIT ARITHMETIC GROUP 



Symbolic Flags Opcode No. of No.ofM No. ofT 

Operation S Z H P/V N C 76 543 210 Hex Bytes Cycles States Comments 



Mnemonic 



ADDHL.ss 
ADC HL, ss 

SBC HL, ss 



HL«-HL + ss 

HL«- 

HL + ss + CY 

HL-ss-CY 



X X X • I 00 ssl 001 



♦ $ X X X V 



* * X X X V 1 * 



ADDIX.pp IX«-IX + pp • • X X X • 



• • X X X • * 



* 


11 


101 


101 


ED 


2 


4 




01 


ss1 


010 








♦ 


11 

01 


101 
ssO 


101 
010 


ED 


2 


4 


$ 


11 

01 


011 
pp1 


101 
001 


DD 


2 


4 



ADD IY, rr 


IY«-IY + rr 


INCss 


ss *- ss + 1 


INC IX 


IX*-IX+1 


INCIY 


IY-IY+1 


DECss 


ss *- ss - 1 


DEC IX 


IX^IX-1 


DECIY 


IY-IY-1 



• • • 



• • X • X • 



11 



15 



15 



15 



11 


111 


101 


FD 


2 


4 


15 


00 


rr1 


001 










00 


ssO 


011 




1 


1 


6 


11 


011 


101 


DD 


2 


2 


10 


00 


100 


011 


23 








11 


111 


101 


FD 


2 


2 


10 


00 


100 


011 


23 








00 


ss1 


011 




1 


1 


6 


11 


011 


101 


DD 


2 


2 


10 


00 


101 


011 


2B 








11 


111 


101 


FD 


2 


2 


10 


00 


101 


011 


2B 









Reg. 



00 


BC 


01 


DE 


10 


HL 


11 


SP 



PP Reg. 



00 


BC 


01 


DE 


10 


IX 


11 


SP 


rr 


Reg. 


00 


BC 


01 


DE 


10 


IY 


11 


SP 



ROTATE AND SHIFT GROUP 



Symbolic Flags Opcode No. of No.ofM No.ofT 

Mnemonic Operation S Z H P/V N C 76 543 210 Hex Bytes Cycles States Comments 



RLCA I^V M 7^-Q V • 

A 

RLA i^^— pr^rp • 



RRCA L | 7—>o h M^n • 

A 

RRA L | 7^0 | -Lri7p . 



X X • * 00 000 111 07 1 



X X • t 00 010 111 17 1 



X X • $ 00 001 111 OF 1 



• X X • * 00 011 111 1F 1 



Rotate left 
circular 
accumulator. 
Rotate left 
accumulator. 

Rotate right 
circular 
accumulator. 
Rotate right 
accumulator. 
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ROTATE AND SHIFT GROUP (Continued) 



Symbolic Flags Opcode No. of No. ofM No. ofT 

Mnemonic Operation S Z H P/V N C 76 543 210 Hex Bytes Cycles States Comments 



RLCr 



RLC(HL) 



RLC(IX + d) 



t t X X P 0» $ 



$ $ X X P $ 



11 001 011 CB 
00 [000l r 



t $ X X P t 
r,(HL),(IX + d),(IY + d) 



RLC(IY + d) J 



t t X X P $ 



RLm Mill*— CEElH $ $ x X P t 
m = r,(HL,(IX + d),(IY + d) 



11 001 011 CB 

00 000 110 

11 011 101 DD 

11 001 011 CB 

*-d- 

00 [000] 110 

11 111 101 FD 

11 001 011 CB 

00 [pool 110 
foTol 



RRCm L | 7->o l — L^r^n t $ X X P t 

m = r,(HL) 1 (IX + d),(IY + d) 



RRm L | 7-^o | — M^H $ $ X X P t 
m = r 1 (HL),(IX + d),(IY + d) 



fOOl] 



15 



23 



23 



Rotate left 
circular 
register r. 
r Reg. 



000 
001 
010 
011 
001 
101 
111 



B 
C 
D 
E 
H 
L 
A 



Instruction 
format and 
states are as 
shown for 
RLCs. To form 
new opcode 
replace lOOOl 
or RLCs with 
shown code. 



N 
00 

O 

3 

a 



SLAm f^K H 7^0 V o $ $ x X P $ 
m = r,(HL),(IX + d),(IY + d) 



SRAm r jj— ° h HE $ $ X X P * 
m = r,(HL) 1 (IX + d),(IY + d) 



SRLm H 7 — ° h -~ R $ $ X X P $ 
m = r ) (HL),(IX + d),(IY + d) 



RLD I 7-4 [ 3-7| | 7-4 | 3-0 | $ $ x X P 



RRD I 7-4 I 3-0 | 



H 7 -< I 3 ° I I $ X X P 



rrrn 



11 101 101 ED 
01 101 111 6F 



11 101 101 ED 
01 100 111 67 



18 



18 



Rotate digit 
left and 
right between 
the accumu- 
lator and 
location (HL). 
The content 
of the upper 
half of the 
accumulator 
is unaffected. 
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BIT SET, RESET AND TEST GROUP 



000 


B 


001 


C 


010 


D 


011 


E 


100 


H 


101 


L 


111 


A 


b 


Bit Tested 



Symbolic Flags Opcode No. of No.ofM No.ofT 

Mnemonic Operation S Z H P/V N C 76 543 210 Hex Bytes Cycles States Comments 

BITb.r Z-r b X * X 1 X X • 11 001 011 CB 2 2 8 

01 b r 

BITb.(HL) Z-(HL) b X t X 1 X X • 11 001 011 CB 2 3 12 

01 b 110 

BITb,(IX + d) b Z«-(IX + d) b X I X 1 X X • 11 011 101 DD 4 5 20 

11 001 011 CB 
-d- 

01 b 110 

BITb,(IY + d) b Z«-(IY + d) b X t X 1 X X • 11 111 101 FD 4 5 20 000 

11 001 011 CB 001 1 

*-d-* 010 2 

01 b 110 011 3 

SETb, r r b -1 • • X • X • • • 11 001 011 CB 2 2 8 100 4 

QT] b r 101 5 

SETb.(HL) (HL) b *-1 • • X • X • • • 11 001 011 CB 2 4 15 110 6 

[HI b 110 111 7 

SETb,(IX + d) (IX + d) b *-1 • • X • X • • • 11 011 101 DD 4 6 23 

11 001 011 CB 
«-d- 

rm b no 

SETb,(IY + d) (IY + d) b -1 • • X • X • • • 11 111 101 FD 4 6 23 

11 001 011 CB 
^d- 

rm b no 

RESb.m m b *-0 ••x»X»»» [To] To form new 

msr, (HL), opcode replace 

(IX + d),(IY + d) [TllofSETb.s 

with Ffol. Flags 
and time 
states for SET 
instruction. 

NOTE: The notation rrib indicates location m, bit b (0 to 7). 
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JUMP GROUP 



Symbolic 
Mnemonic Operation 


S 


z 




Flags 

H P/VN 


c 


Opcode 
76 543 210 


Hex 


No. of 
Bytes 


No.ofM No.ofT 
Cycles States 


Comments 




JPnn 


PC — nn 


• 


• 


X 


• X • • 


• 


11 000 011 


C3 


3 


3 


10 


cc Condition 




JPcc, nn 


If condition cc 
istruePO-nn 
otherwise 
continue 


• 


• 


X 


• X • • 


• 


*-n-* 

11 cc 010 

«-n-* 

*-n-* 




3 


3 


10 


000 NZ (non-zero) 

001 Z(zero) 

010 NC (non-carry) 

01 1 C (carry) 

1 00 PO (parity odd) 

1 01 PE (parity even) 




JRe 


PC — PC + e 


• 


• 


X 


• X • • 


• 


00 011 000 


18 


2 


3 


12 


110 P (sign positive) 




JRC.e 


lfC = 0, 


• 


• 


X 


• X • • 


• 


-e-2-* 
00 111 000 


38 


2 


2 


7 


111 M (sign negative) 
If condition not met. 


M 

S 




continue 
If C = 1 , 












-e-2- 




2 


3 


12 


If condition is met. 




PC «- PC + e 
























3 

a 


JRNC.e 


IFC = 1, 


• 


• 


X 


• X • • 


• 


00 110 000 


30 


2 


2 


7 


If condition not met. 




continue 












-e-2- 
















If C = 0, 
















2 


3 


12 


If condition is met. 






PC*-PC + e 


























JPZ.e 


lfZ = 
continue 
lfZ = 1, 
PC*-PC + e 


• 


• 


X 


• X • • 


• 


00 101 000 
-e-2- 


28 


2 
2 


2 
3 


7 
12 


If condition not met. 
If condition is met. 




JRNZ.e 


If Z= 1, 

continue 
lfZ = 0, 
PC-PC + e 


• 


• 


X 


• X • • 


• 


00 100 000 
«-e-2- 


20 


2 
2 


2 
3 


7 
12 


If condition not met. 
If condition is met. 




JP(HL) 


PC-HL 


• 


• 


X 


• X • • 


• 


11 101 001 


E9 


1 


1 


4 






JP(IX) 


PC*- IX 


• 


• 


X 


• X • • 


• 


11 011 101 
11 101 001 


DD 
E9 


2 


2 


8 






JP(IY) 


PC«-IY 


• 


• 


X 


• X • • 


• 


11 111 101 
11 101 001 


FD 
E9 


2 


2 


8 






DJNZ, e 


B*-B-1 
If B = 0, 

continue 
If B*0, 
PC-PC + e 


• 


• 


X 


• X • • 


• 


00 010 000 
-e-2- 


10 


2 
2 


2 
3 


8 
13 


If B = 

If B*0. 





NOTES- e represents the extension in the relative addressing mode. 

e is a signal two's complement number in the range < - 1 26, 1 29 >. 

e - 2 in the opcode provides an effective address of pc + e as PC is incremented by 2 prior to the addition of e. 
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CALL AND RETURN GROUP 



Symbolic 
Mnemonic Operation 



Flags Opcode No. of No. ofM No. ofT 

S Z H P/VN C 76 543 210 Hex Bytes Cycles States Comments 



CALLnn (SP-1)«-PC H 
(SP-2)-PC L 
PC «- nn, 

CALL cc.nn If condition 
cc is false 
continue, 
otherwise 
same as 
CALL nn 

RET PC L *-(SP) 

PCj-r(SP + 1) 

RETcc If condition 
cc is false 
continue, 
otherwise 
same as RET 



RETI 



RETN1 



RSTp 



Return from 

interrupt 

Return from 

non-maskable 

interrupt 

(SP-I)-PCh 

(SP-2)-PC L 

PCh-0 

PCl-P 



X • X • 



X • X • 



• X • X 



X • 



• X • X 



• X • X • • • 



1 001 101 


CD 


3 


5 


17 




*-n-* 












*- n -* 












1 cc 100 




3 


3 


10 


If cc is false. 


«-!-,-*► 












«-n-»- 




3 


5 


17 


If cc is true. 



1 


001 


001 


C9 


1 


3 


1 


cc 


000 




1 
1 


1 
3 



11 


101 


101 


ED 


2 


4 


01 


001 


101 


4D 






11 


101 


101 


ED 


2 


4 


01 


000 


101 


45 







11 



111 



10 



14 



14 



11 



If cc is false 
If cc is true. 

cc Condition 

000 NZ (non-zero) 

001 Z(zero) 

010 NC (non-carry) 

01 1 C (carry) 

100 PO (parity odd) 

1 01 PE (parity even) 

110 P (sign positive) 

111 M (sign negative) 
t P 



000 00H 

001 08H 

010 10H 

011 18H 

100 20H 

101 28H 

110 30H 

111 38H 



NOTE: 1RETN loads IFF 2 -*IFF 1 
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INPUT AND OUTPUT GROUP 





Symbolic 


Flags 




Opcode 




No. of 


No.ofM No.ofT 






Mnemonic Operation 


S Z H 


P/VN 


c 


76 


543 


210 


Hex 


Bytes 


Cycles 


States 


Comments 




INA,(n) 


A-(n) 


• • X • 


X • • 


• 


11 


011 
*-n-* 


01 


DB 


2 


3 


11 


n to Ao ~ A7 
Ace. toAs~ A-|5 




IN r, (C) 


r-(C) 
if r= 110 only 
the flags will 
be affected 


$ $ X I 

© 


X P 


• 


11 

01 


101 
r 


101 
000 


ED 


2 


3 


12 


C to An ~ A7 
BtoA 8 ~Ai5 




INI 


(HL)-(C) 

B«-B-1 

HL*-HL+1 


X t X X 

© 


X X 1 


X 


11 

10 


101 
100 


101 
010 


ED 
A2 


2 


4 


16 


C to Ao ~ A7 
BtoA 8 ~A 15 


8 


INIR 


(HL)-(C) 


X 1 X X 


X X 1 


X 


11 


101 


101 


ED 


2 


5 


21 


C to Ao ~ A7 




B*-B-1 








10 


110 


010 


B2 




(If B*0) 




BtoA 8 ~A 15 


O 




HL«-HL + 1 
















2 


4 


16 




•a 
a 




Repeat until 


















(If B = 0) 








B = 


© 
























IND 


(HL)-(C) 

B«-B-1 

HL«-HL-1 


X 1 X X 

© 


X X 1 


X 


11 

10 


101 
101 


101 
010 


ED 
AA 


2 


4 


16 


C to Ao ~ A7 
BtoA 8 ~A 15 




INDR 


(HL)-(C) 


X 1 X X 


X X 1 


X 


11 


101 


101 


ED 


2 


5 


21 


C to Ao ~ A7 






B*-B-1 








10 


111 


010 


BA 




(If B#0) 




BtoA 8 ~A 15 






HL-HL-1 
















2 


4 


16 








Repeat until 


















(If B = 0) 










B = 


























OUT(n),A 


(n)-A 


• • X • 


X • • 


• 


11 


010 

«-n-" 


011 


D3 


2 


3 


11 


n to Ao ~ A7 
Ace. toAs~ A-|5 




OUT(C),r 


(C)-r 


• • X • 

© 


X • • 


• 


11 

01 


101 
r 


101 
001 


ED 


2 


3 


12 


C to Aq ~ A7 
BtoA 8 ~A-| 5 




OUTI 


(C)-(HL) 

B^-B-1 

HL«-HL+1 


X t X X 

© 


X X 1 


X 


11 

10 


101 
100 


101 
011 


ED 
A3 


2 


4 


16 


C to Aq ~ A7 
BtoA 8 ~A 15 




OTIR 


(C)-(HL) 


X 1 X X 


X X 1 


X 


11 


101 


101 


ED 


2 


5 


21 


C to Ao ~ A7 






B«-B-1 








10 


110 


011 


B3 




(If B*0) 




BtoA 8 ~A 15 






HL«-HL+1 
















2 


4 


16 








Repeat until 


















(If B = 0) 










B = 


© 
























OUTD 


(C)-(HL) 

B*-B-1 

HL*-HL-1 


X t X X 

© 


X X 1 


X 


11 

10 


101 
101 


101 
011 


ED 
AB 


2 


4 


16 


C to Ao ~ A7 
BtoA 8 ~A 15 




OTDR 


(C)-(HL) 
B«-B-1 
HL*-HL-1 
Repeat until 
B = 


X 1 X X 


X X 1 


X 


11 

10 


101 
111 


101 
011 


ED 


2 
2 


5 
(If B#0) 

4 
(If B = 0) 


21 
16 


C to Aq ~ A7 
BtoA 8 ~A 15 





NOTES: If the result of B - 1 is zero, the Z flag is set; otherwise it is reset. 
® Z flag is set upon instruction completion only. 



157 



SUMMARY OF FLAG OPERATION 




D 7 














Do 




Instructions 


S 


z 




H 




P/V 


N 


c 


Comments 


ADD A, s; ADC A, s 


* 


* 


X 


$ 


X 


V 





* 


8-bit add or add with carry. 


SUBs;SBCA,s;CPs;NEG 


* 


* 


X 


$ 


X 


V 


1 


t 


8-bit subtract, subtract with carry, compare and negate 
accumulator. 


ANDs 


* 


$ 


X 


1 


X 


p 








Logical operation. 


ORs.XORs 


* 


$ 


X 





X 


p 








Logical operation. 


INCs 


* 


t 


X 


t 


X 


V 







8-bit increment. 


DECs 


* 


♦ 


X 


$ 


X 


V 


1 




8-bit decrement. 


ADD DD, ss 


• 


• 


X 


X 


X 


• 







16-bit add. 


ADC HL, ss 


♦ 


t 


X 


X 


X 


V 







1 6-bit add with carry. 


SBCHL.ss 


* 


t 


X 


X 


X 


V 


1 




1 6- bit subtract with carry. 


RLA; RLCA; RRA; RRCA 


• 


• 


X 





X 


• 







Rotate accumulator. 


RL m; RLC m; RR m; 


t 


$ 


X 





X 


p 







Rotate and shift locations. 


RRCm;SLAm; 




















SRAm;SRLm 




















RLD; RRD 


t 


t 


X 





X 


p 







Rotate digit left and right. 


DAA 


t 


* 


X 


* 


X 


p 


• 




Decimal adjust accumulator. 


CPL 


• 


• 


X 


1 


X 


• 


1 




Complement accumulator. 


SCF 


• 


• 


X 





X 


• 







Set carry. 


CCF 


• 


• 


X 


X 


X 


• 







Complement carry. 


INr(C) 


* 


I 


X 





X 


p 







Input register indirect. 


INI;IND;OUTI;OUTD 


X 


* 


X 


X 


X 


X 


1 




Block input and output. Z = 1 if B # 0, otherwise Z = 0. 


INIR; INDR; OTIR; OTDR 


X 


1 


X 


X 


X 


X 


1 




Block input and output. Z = 1 if B ¥= 0, otherwise Z = 0. 


LDI; LDD 


X 


X 


X 





X 


* 







Block transfer instructions. P/V = 1 if BC # 0, otherwise P/V = 0. 


LDIR; LDDR 


X 


X 


X 





X 










Block transfer instructions. P/V = 1 if BC # 0, otherwise P/V = 0. 


CPI; CPIR; CPD; CPDR 


X 


* 


X 


X 


X 


t 


1 




Block search instructions. Z = 1 if A = (HL), otherwise Z = 0. 
P/V = 1 if BC # 0, otherwise P/V = 0. 


LDA;I,LDA,R 


♦ 


t 


X 





X 


IFF 







IFF, the content of the interrupt enable flip-flop, (IFF2), is copied 
into the P/V flag. 


BIT b, s 


X 


$ 


X 


1 


X 


X 







The state of bit b of location s is copied into the Z flag. 



SYMBOLIC NOTATION 

Symbol Operation 

S Sign flag. S = 1 if the MSB of the result is 1 . 

Z Zero flag. Z = 1 if the result of the operation is 0. 

P/V Parity or overflow flag. Parity (P) and overflow (V) 
share the same flag. Logical operations affect 
this flag with the parity of the result while 
arithmetic operations affect this flag with the 
overflow of the result, if P/V holds parity: P/V = 1 
if the result of the operation is even; P/V = if 
result is odd. If P/V holds overflow, P/V = 1 if the 
result of the operation produced an overflow. If 
P/V does not hold overflow, P/V = 0. 

H* Half-carry flag. H = 1 if the add or subtract 
operation produced a carry into, or borrow from, 
bit 4 of the accumulator. 

N* Add/Subtract flag. N = 1 if the previous 
operation was a subtract. 

C Carry/Link flag. C = 1 if the operation produced 
a carry from the MSB of the operand or result. 



Symbol Operation 



I 



R 
n 
nn 



The flag is affected according to the result of the 

operation. 

The flag is unchanged by the operation. 

The flag is reset by the operation. 

The flag is set by the operation. 

The flag is indeterminate. 

P/V flag affected according to the overflow result 

of the operation. 

P/V flag affected according to the parity result of 

the operation. 

Any one the CPU registers A, B, C, D, E, H, L. 

Any 8-bit location for all the addressing modes 

allowed for the particular instruction. 

Any 1 6-bit location for all the addressing modes 

allowed for that instruction. 

Any one of the two index registers IX or IY. 

Refresh counter. 

8-bit value in range < 0, 255 >. 

1 6-bit value in range < 0, 65535 >. 



H and N flags are used in conjunction with the decimal adjust instruction (DAA) to properly correct the result into packed BCD format following addition or 
subtraction using operands with packed BCD format. 
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PIN DESCRIPTIONS 



A0-A15. Address Bus (output, active High, 3-state). A0-A15 
form a 1 6-bit address bus. The Address Bus provides the 
address for memory data bus exchanges (up to 64K bytes) 
and for I/O device exchanges. 



BUSACK. Bus Acknowledge (output, active Low). Bus 
Acknowledge indicates to the requesting device that the 
CPU address bus, data bus, and control signals MREQ, 
IORQ, RD, and WR have entered their high-impedance 
states. The external circuitry can now control these lines. 



BUSREQ. Bus Request (inpu t, active Low). Bus Request 
has a higher priority than NMI and is always rec ognized at 
the end of the current machine cycle. BUSREQ fo rces the 
CPU addr ess bus, data bus, and control signals MREQ, 
IORQ, RD, and WR to go to a high-im pedance s tate so that 
other devices can control these lines. BUSREQ is normally 
wired-OR and requir es an ex ternal pullup for these 
applications. Extended BUSREQ periods due to extensive 
DMA operations can prevent the CPU from properly 
refreshing dynamic RAMs. 

D0-D7. Dafa Bus (input/output, active High, 3-state). D -D 7 
constitute an 8-bit bidirectional data bus, used for data 
exchanges with memory and I/O. 

Halt. Halt State (output, active Low). HALT indicates that the 
CPU has executed a Halt instruction and is awaiting either a 
nonmaskable or a maskable interrupt (with the mask 
enabled) before operation can resume. While halted, the 
CPU executes NOPs to maintain memory refresh. 

INT. Interrupt Request (input, active Low). Interrupt Request 
is generated by I/O devices. The CPU honors a request at 
the end of the current instruction if the internal 
software-controlled interrupt enable flip-flop (IFF) is 
enabled. INT is normally wired-OR and requires an external 
pullup for these applications. 



IORQ . Input/Output Request (output, active Low, 3-state). 
IORQ indicates that the lower half of the address bu s holds a 
valid I/O address for an I/O read or write operation. IORQ is 
also generated concurrently with M1 during an interrupt 
acknowledge cycle to indicate that an interrupt response 
vector can be placed on the data bus. 



M1 . Machin e Cycle One (output, active Low). M1 , together 
with MREQ, indicates that the current machine cycle is the 
opc ode fet ch cycle of an instruction execution. M1 , together 
with IORQ, indicates an interrupt acknowledge cycle. 



MREQ . Memory Request (output, active Low, 3-state). 
MREQ indicates that the address bus holds a valid address 
for a memory read or memory write operation. 

NMI. Non-Maskable Interrupt (input, negativ e edge- 
triggered). NMI has a higher priority than INT. NMI is always 
recognized at the end of the current instruction, 
independent of the status of the interrupt enable flip-flop, 
and automatically forces the CPU to restart at location 
0066H. 

RD. Read (output, active Low, 3-state). RD indicates that the 
CPU wants to read data from memory or an I/O device. The 
addressed I/O device or memory should use this signal to 
gate data onto the CPU data bus. 



RESET, flesef (input, active Low). RESET initializes the CPU 
as follows: it resets the interrupt enable flip-flop, clears the 
PC and Registers I and R, and sets the interrupt status to 
Mode 0. During reset time, the address and data bus goto a 
high-impedance state, and a ll contro l output signals go to 
the inactive state. Note that RESET must be active for a 
minimum of three full clock cycles before the reset operation 
is complete. 



RFSH. Refresh (output, active Low). RFSH, together with 
MREQ, indicates that the lower seven bits of the system's 
address bus can be used as a refresh address to the 
system's dynamic memories. 



WAIT. Wait (input, active Low). WAIT indicates to the CPU 
that the addressed memory or I/O devices are not ready for 
a data transfer. The CPU continues to e nter a Wait state as 
long as this signal is active. Extended WAIT periods can 
prevent the CPU from refreshing dynamic memory properly. 

WR. Write (output, active Low, 3-state). WR indicates that the 
CPU data bus holds valid data to be stored at the addressed 
memory or I/O location. 



1 
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CPU TIMING 



The Z80 CPU executes instructions by proceeding through 
a specific sequence of operations: 

■ Memory read or write 

■ I/O device read or write 

■ Interrupt acknowledge 

The basic clock period is referred to as a T time or cycle, and 
three or more T cycles make up a machine cycle (M1 , M2 or 
M3 for instance). Machine cycles can be extended either by 
the CPU automatically inserting one or more Wait states or 
by the insertion of one or more Wait states by the user. 



Instruction Opcode Fetch. The CPU places the contents 
of the Program Counter (PC) on the address bus at the start 
of th e cycle (Figure 5). Approximately one-half clock cycle 
later, MREQ goes active. When active, RD indicates that the 
memory data can be enabled onto the CPU data bus. 



The CPU samples the WAIT input with the falling edge of 
clock state T2. During clock states T3 and T4 of an M1 cycle, 
dynamic RAM refresh can occur while the CPU starts 
decoding and executing the instruction. When the Refresh 
Control signal becomes active, refreshing of dynamic 
memory can take place. 



Ao-A-15 



(4> ^- -H -«-© ^^ I ^ I 



MREQ 



X 



♦CD- 
CD- 






\ 



@H- 






■y>- 






\jrrj-X 



ay- 



-*/■ 



h® 



\ 



-f/- 



— ® 



D0-D7 



> 



■^ 



-//- 



-•>- 






X 



REFRESH ADDR 




-*(20>- 



/ 



-® 



X 



Ks) 



-y>- 



RFSH 



\ 



**~® 



J 



*Tw = Wait cycle added when necessary for slow ancilliary devices. 

Figure 5. Instruction Opcode Fetch 
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Memory Read or Write Cycles. Figure 6 shows the timing 
of memory rea d or writ e cycles other than an opcode fetch 
(M1) cycle. The MREQ and RD signals function exactly as in 
the fetch cycle. In a memory write cycle, MREQ also 



becomes active when the address bus is stable. The WR line 
is active when the data bus is stable, so that it can be used 
directly as an R/W pulse to most semiconductor memories. 



CLOCK 



A0-A15 



READ 
OPERATION 



WRITE 
OPERATION 




o 
o 

3 



Figure 6. Memory Read or Write Cycles 



2001-007 
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Input or Output Cycles. Figure 7 shows the timing for an extra Wait state allows sufficient time for an I/O port to 
I/O read or I/O write operation. During I/O operations, the decode the address from the port address lines. 
CPU automatically inserts a single Wait state Owa)- This 



CLOCK 



J 



AoA7 zzx 



T2 TwA 

HuTUl 



IORQ 



I/O 
READ< 
OPERATION 



®| 



D0-D7 



I/O 
WRITE { 
OPERATION 



Tw 



VALID PORT ADDRESS 



h© 



\ 



®^ 



-y>- 



-y>- 



\JC 






■¥/- 



} 



T 3 

Jin 






\ 



-•>- 



-€E 






-«-@*- 



D0-D7 



® 



-® 



\ 



-ff- 



-ff- 



-tf- 



®~ 



® 



/ 



® 



/ 



® 

X VALID ■/ 
DATA 1 



-A® 






-® 



® 



)— 



Twa = One wait cycle automatically inserted by CPU. 

Figure 7. Input or Output Cycles 
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Interrupt Request/Acknowledge Cycle. The CPU 

samples the interrupt signal with the rising edge of the last 
clock cycle at the end of any instruction (Figure 8). When an 
interrupt is accepted, a special M1 cycle is generated. 



During this M1 cycle, IORQ becomes active (instead of 
MREQ) to indicate that the interrupting device can place an 
8-bit vector on the data bus. The CPU automatically adds 
two Wait states to this cycle. 



Tli 



TwA 



TwA 



Tw 









A0-A15 



D0-D7 



KD 



h® 



\ 



— ® 



® 



-®- 



\ 



©* 



-tf- 



-ft- 



"^® 



\^cj—x 



® 



T 3 

\J\- 



® 



-m. 



-fj- 



®—i 



-4J- 




h-@ 



3 



VALID DATA 



-© 



NOTES: 1) Tli = Last state of any instruction cycle. 

2) Twa = Wait cycle automatically inserted by CPU. 



Figure 8. Interrupt Request/Acknowledge Cycle 
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Non-Maskable Interrupt Request Cycle. NM I is sampled 
at the same time as the maskable interrupt input INT but has 
higher priority and cannot be disabled under software 
control. The subsequent timing is similar to that of a normal 



memory read operation except that data put on the bus by 
the memory is ignored. The CPU inst ead e xecutes a restart 
(RST) operation and jumps to the NMI service routine 
located at address 0066H (Figure 9). 



- LAST M CYCLE - 



J\J\f\J\T\J\f\T 




* Although NMI is an asynchronous input, to guarantee its being recognized on the following machine cycle, NMI's falling edge must occur no later than the rising edge 
of the clock cycle preceding the last state of any instruction cycle (Tli). 

Figure 9. Non-Maskable Interrupt Request Operation 
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Bus Req uest/Acknowledge Cycle. The CPU samples 
BUSREQ with the rising edge of the last clock period of any 
machine cycle (Figure 10 ). If BUSREQ i s ac tive, the CPU 
sets its address, data, and MREQ, IORQ, RD, and WR lines 



to a high-impedance state with the rising edge of the next 
clock pulse. At that time, any external device can take 
control of these lines, usually to transfer data between 
memory and I/O devices. 



CLOCK 




A0-A15 



D0-D7 



MREQ . 
RD,WR 
IORQ ' 



HALT 



**-® 



> 



-ff- 



— <§) 



—® 



> 



-/>- 




-® 



*® 



■Q 



-® 



< 



•a 
a 



UNCHANGED 



NOTES. 1) Tlm = Last state of any M cycle. 

2) Tx = An arbitrary clock cycle used by requesting device. 



Figure 10. Z-BUS Request/ Acknowledge Cycle 
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Halt Acknowledge Cycle. When the CPU receives a HALT active and remains so until an interrupt is received (Figure 
instruction, it executes NOP states until eithe r an IN T or NMI 11 ). INT will also force a Halt exit, 
input is received. When in the Halt state, the HALT output is 




Halt Instruction 
Received 









F- 



* Although NMI is an asynchronous input, to guarantee its being recognized on the following machine cycle, MNI's falling edge must occur no 
later than the rising edge of the clock cycle preceding the last state of any instruction cycle (T|_i). 

Figure 1 1 . Halt Acknowledge Cycle 



Reset Cycle. RESET must be active for at least thre e clock internal T cycles are consum ed befo re the CPU resumes 

cycles for the CPU to properly accept it. As long as RESET normal processing operation. RESET clears the PC register, 

remains active, the address and data bu ses float, and the so the first opcode fetch will be to location 0000H 

control outputs are inactive. Once RESET goes inactive, two (Figure 1 2). 



+ -® ^H-O 

® k -H ® k 



~ h ir\ /~\ 



MREQ, 

R P, WR , 

IORQ , 

RFSH, 



L 






szr 



® 



-/>- 



® 



k 



7 



-•>- 



/ ///// / 



-•/- 



® 



® 



1 



X 



Figure 12. Reset Cycle 
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AC CHARACTERISTICS* 
























Z80CPU 


Z80ACPU 


Z80BCPU 


Z80H CPU 


Number 


' Symbol 


Parameter 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


1 


TcC 


Clock Cycle Time 


400* 




250* 




165* 




125* 




2 


TwCh 


Clock Pulse Width (High) 


180 


2000 


110 


2000 


65 


2000 


55 


2000 


3 


TwCI 


Clock Pulse Width (Low) 


180 


2000 


110 


2000 


65 


2000 


55 


2000 


4 


TfC 


Clock Fall Time 




30 




30 




20 




10 


5 


TrC 


Clock Rise Time 




30 




30 




20 




10 


6 


TdCr(A) 


Clock t to Address Valid Delay 




145 




110 




90 




80 


7 


TdA(MREQf) 


Address Valid to MREQ I Delay 


125* 




65* 




35* 




20* 




8 


TdCf(MREQf) 


Clock I to MREQI Delay 




100 




85 




70 




60 


9 


TdCr(MREQr) 


Clock t to MREQ t Delay 




100 




85 




70 




60 

M 


10 


TwMREQh 


MREQ Pulse Width (High) 


170* 




110* 




65* 




45* 


1 


11 


TwMREQI 


MREQ Pulse Width (Low) 


360* 




220* 




135* 




100* 


O 


12 


TdCf(MREQr) 


Clocks to MREQ t Delay 




100 




85 




70 




60 >d 


13 


TdCf(RDf) 


Clock 4 to RD 4 Delay 




130 




95 




80 




70 


14 


TdCr(RDr) 


Clock t to RDt Delay 




100 




85 




70 




60 


15 


TsD(Cr) 


Data Setup Time to Clock t 


50 




35 




30 




30 




16 


ThD(RDr) 


Data Hold Time to RDt 






















17 


TsWAIT(Cf) 


WAIT Setup Time to Clock 1 


70 




70 




60 




50 




18 


ThWAIT(Cf) 


WAIT Hold Time after Clock I 






















19 


TdCr(M1f) 


Clock t to Ml* 4 Delay 




130 




100 




80 




70 


20 


TdCr(M1r) 


Clock t to Ml t Delay 




130 




100 




80 




70 


21 


TdCr(RFSHf) 


Clock t to RFSH \ Delay 




180 




130 




110 




95 


22 


TdCr(RFSHr) 


Clock t to RFSHt Delay 




150 




120 




100 




85 


23 


TdCf(RDr) 


Clock I to RD t Delay 




110 




85 




70 




60 


24 


TdCr(RDf) 


Clock t to RD I Delay 




100 




85 




70 




60 


25 


TsD(Cf) 


Data Setup to Clock \ during M2, M3, 
M4, or M5 Cycles 


60 




50 




40 




30 




26 


TdA(IORQf) 


Address Stable prior to IORQ 4 


320* 




180* 




110* 




75* 




27 


TdCr(IORQf) 


Clock t to IORQ I Delay 




90 




75 




65 




55 


28 


TdCf(IORQr) 


Clock I to IORQ t Delay 




110 




85 




70 




60 


29 


TdD(WRf) 


Data Stable prior to WR 4 


190* 




80* 




25* 




5* 




30 


TdCf(WRf) 


Clock UoWRl Delay 




90 




80 




70 




60 


31 


TwWR 


WR Pulse Width 


360* 




220* 




135* 




100* 




32 


TdCf(WRr) 


Clock I to WRt Delay 




100 




80 




70 




60 


33 


TdD(WRf) 


Data Stable prior to WR 4 


20* 




-10* 




-55* 




55* 




34 


TdCr(WRf) 


Clock t to WR I Delay 




80 




65 




60 




55 


35 


TdWRr(D) 


Data Stable from WRt 


120* 




60* 




30* 




15* 




36 


TdCf(HALT) 


Clock 4 to HALT tor \ 




300 




300 




260 




225 


37 


TwNMI 
TsBUSREQ(Cr) 


NMI Pulse Width 


80 
80 




80 
50 




70 
50 




60* 
40 




38 


BUSREQ Setup Time to Clock t 





* For clock periods other than the minimums shown, calculate parameters using the table on the following page. Calculated values above 
assumed TrC = TfC = 20 ns. 
fUnits in nanoseconds (ns). 
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AC CHARACTERISTICS* (Continued) 



Number Symbol 





Z80CPU 


Z80ACPU 


Z80BCPU 


Z80H CPU 


Parameter 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


BUSREQ Hold Time after Clock t 





120 





100 





90 







Clock t to BUSACM Delay 


80 


Clock 1 to BUSACKt Delay 




110 




100 




90 




80 


Clock t to Data Float Delay 




90 




90 




80 




70 


Clock t to Control Outputs Float Delay 




110 




80 




70 




60 


(MREQ, IORQ, RD, and WR) 


















Clock t to Address Float Delay 




110 




90 




80 




70 



39 
40 
41 
42 
43 

44 
45 



ThBUSREQ(Cr) 

TdCr(BUSACKf) 

TdCf(BUSACKr) 

TdCr(Dz) 

TdCr(CTz) 

TdCr(Az) 
TdCTr(A) 



MREQ t, IORQ t, RD t, and WR t to 
Address Hold Time 



160* 



80* 



35* 



20* 



46 
47 
48 
49 
50 
51 
52 
53 



TsRESET(Cr) 

ThRESET(Cr) 

TslNTf(Cr) 

ThlNTr(Cr) 

TdMlf(IORQf) 

TdCf(IORQf) 

TdCf(IORQr) 

TdCf(D) 



RESET to Clock t Setup Time 
RESET to Clock t Hold Time 
INT to Clock t Setup Time 
INT to Clock t Hold Time 
Ml I to IORQ I Delay 
Clock I to IORQ I Delay 
Clock t IORQ t Delay 
Clock I to Data Valid Delay 



90 
80 



60 



80 



FOOTNOTES TO AC CHARACTERISTICS 



60 45 


70 55 


920* 565* 365* 270* 

110 85 70 60 
100 85 70 60 
230 150 130 115 



*For clock periods other than the minimums shown, calculate parameters using the following table. Calculated values above 
assumed TrC = TfC = 20 ns. 
fUnits in nanoseconds (ns). 



Number 


Symbol 


General Parameter 


Z80 


Z80A 


Z80B 


Z80H 


1 


TcC 


TwCh + TwCI 


+ TrC + TfC 










7 


TdA(MREQf) 


TwCh + TfC 




- 75 


-65 


-50 


-45 


10 


TwMREQh 


TwCh + TfC 




-30 


-20 


-20 


-20 


11 


TwMREQI 


TcC 




-40 


-30 


-30 


-25 


26 


TdA(IORQf) 


TcC 




-80 


- 70 


-55 


-50 


29 


TdD(WRf) 


TcC 




- 210 


- 170 


-140 


-120 


31 


TwWR 


TcC 




- 40 


-30 


-30 


-25 


33 


TdD(WRf) 


TwCI + TrC 




- 180 


- 140 


-140 


-120 


35 


TdWRr(D) 


TwCI + TrC 




-80 


-70 


-55 


-50 


45 


TdCTr(A) 


TwCI + TrC 




- 40 


-50 


-50 


-45 


50 


TdMlf(IORQf) 


2TcC + TwCh 


+ TfC 


-80 


-65 


-50 


-45 


AC Test Conditions: 
V, H = 2.0V V 0H = 
V, L = 0.8V V 0L = 
V|HC = V C c-0-6V FLOAT 
V| L c = 0.45 V 


1.5 V 
1.5V 
= ±05V 
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ABSOLUTE MAXIMUM RATINGS 

Voltages on all pins with respect to ground . . .0.3V to + 7V 
Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°Cto + 150°C 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above these indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



STANDARD TEST CONDITIONS 



The DC Characteristics and Capacitance sections below 
apply for the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND (0V). 
Positive current flows into the referenced pin. 

Available operating temperature ranges are: 

■ S = 0°Cto +70°C, + 4.75V <V C c< + 5.25V 

■ E = -40°Cto +85°C, + 4.75V <V CC < + 5.25V 

■ M = -55°Cto +125°C, +4.5V< V CC < +5.25V 

The Ordering Information section lists temperature ranges 
and product numbers. Package drawings are in the 
Package Information section in this book. Refer to the 
Literature List for additional documentation. 



All ac parameters assume a load capacitance of 1 00 pf . Add 
1 5 ns delay for each 50 pf increase in load up to a maximum 
of 200 pf for the data bus AC timing measurements are 
referenced to 1 .5 volts (except for clock, which is referenced 
to the 1 0% and 90% points). 

+ 5V 



FROM OUTPUT , 



100pf 




N 

00 

o 
o 
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DC CHARACTERISTICS 

All parameters are tested unless otherwise noted. 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


V|LC 


Clock Input Low Voltage 


-0.3 


0.45 


V 




V IHC 


Clock Input High Voltage 


V C C--6 


V CC + -3 


V 




V|L 


Input Low Voltage 


-0.3 


0.8 


v 




V|H 


Input High Voltage 


2.0 1 


v C c 


v 




Vol 


Output Low Voltage 




0.4 


V 


IOL = 2.0mA 


V H 


Output High Voltage 


2.4 1 




V 


l H= -250ptA 


'cc 


Power Supply Current 




200 


mA 


Note 3 


Ili 


Input Leakage Current 




10 


MA 


V iN = 0toV cc 


"lo 


3-State Output Leakage Current in Float 


-10 


102 


ma 


VouT = 0.4toV cc 



1 . For military gra de parts , refer to the Z80 Military Electrical Specification. 

2. A 15 -A , D 7 -D , MREQ, IURU, RD, and WR 

3. Measurements made with outputs floating. 



CAPACITANCE 

Guaranteed by design and characterization. 



Symbol 



Parameter 



Min 



Max 



Unit 



CCLOCK 

C|N 

CfJUT 



Clock Capacitance 
Input Capacitance 
Output Capacitance 



35 


Pf 


5 


Pf 


15 


Pf 



NOTES 

T A = 25°C,f = 1 MHz 
Unmeasured pins returned to ground. 
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ORDERING INFORMATION 



40-pin DIP 

Z8400 PS 
Z8400 CS 
Z8400 PE 
Z8400 CE 
Z8400CM* 
Z8400CMB* 
Z8400CMJ* 



Z80 CPU, 2.5 MHz 

44-pin LCC 44-pin PCC 

Z8400LM* Z8400VSt 

Z8400 LMB*f 



Z80BCPU,6.0MHz 
40-pin DIP 44-pin PCC 

Z8400BPS Z8400BVSt 

Z8400BCS 

Z8400B PE 

Z80HCPU,8.0MHz 
40-pin DIP 44-pin PCC 

Z8400H PS Z8400H VSf 



40-pin DIP 

Z8400A PS 

Z8400ACS 

Z8400A PE 

Z8400ACE 

Z8400ACM* 

Z8400ACMB* 

Z8400ACMJ* 



Z80ACPU,4.0MHz 
44-pin LCC 44-pin PCC 

Z8400ALM* Z8400AVSI 

Z8400ALMB*f 



Codes 



First letter is for package; second letter is for temperature. 

C = Ceramic DIP 

P = Plastic DIP 

L = Ceramic LCC 

V = Plastic PCC 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 



TEMPERATURE 
S =0°Cto+70°C 
E = -40°Cto +85°C 
M*= -55°Cto+125°C 



FLOW 

B = 883 Class B 

J = JAN 38510 Class B 



* For Military Orders, refer to the Military Section, 
t Available soon. 
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Direct Memory Access 
Controller 
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April 1985 



FEATURES 

■ Transfers, searches, and search/transfers in Byte-at-a- 
Time, Burst, or Continuous modes. Cycle length and 
edge timing can be programmed to match the speed of 
any port. 

■ Dual port addresses (source and destination) generated 
for memory-to-l/O, memory-to-memory, or l/O-to-l/O 
operations. Addresses may be fixed or automatically 
incremented/decremented. 

■ Next-operation loading without disturbing current 
operations via buffered starting-address registers. An 
entire previous sequence can be repeated automatically. 



Extensive programmability of functions. CPU can read 
complete channel status. 

Standard Z80 Family bus-request and prioritized 
interrupt-request daisy chains implemented without 
external logic. Sophisticated, internally modifiable 
interrupt vectoring. 

Direct interfacing to system buses without external logic. 



N 

00 

o 
o 
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GENERAL DESCRIPTION 



The Z80 DMA (Direct Memory Access) is a powerful and 
versatile device for controlling and processing transfers of 
data. Its basic function of managing CPU-independent 
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Figure 1 . Pin Functions 



transfers between two ports is augmented by an array of 
features that optimize transfer speed and control with little or 
no external logic in systems using an 8- or 16-bit data bus 
and a 1 6-bit address bus. 



A3C 
A2C 

*C 

AoL 
CLK C 

wr£ 

rdC 

ISRS£ 

+ 5V C 
SSRlQf^ 

BAOC 
BAifj; 
BUSREQ C 
Cl/WAff Q 
A« C 
A14C 
A13C 

A12C 



7^7 



10 Z8410 
n Z80DMA 



40 2 Ae 

39 3 A 7 

38 ] IEI 

37 ] INT/PULSE 

36 2 IEO 

35 J Do 

34 2 Di 

33 2 °2 

32 2 °3 

31 ] D 4 

30 2 GND 

29 ] D 5 

28 2 °6 

27 ]D 7 

26 ] Ml 

25 2 RDY 

24 ] Aa 

23 2 Aa 

22 2 A10 

21 2 An 



Figure 2. 40-pin Dual-ln-Line Package (DIP), 
Pin Assignments 
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Transfers can be done between any two ports (source and 
destination), including memory-to-l/O, memory-to-memory, 
and l/O-to-l/O. Dual port addresses are automatically 
generated for each transaction and may be either fixed or 
incrementing/decrementing. In addition, bit-maskable byte 
searches can be performed either concurrently with 
transfers or as an operation in itself. 

The Z80 DMA contains direct interfacing to, and 
independent control of, system buses, as well as 
sophisticated bus and interrupt controls. Many 



programmable features, including variable cycle timing and 
auto-restart, minimize CPU software overhead. They are 
especially useful in adapting this special-purpose transfer 
processor to a broad variety of memory, I/O and CPU 
environments. 

The Z80 DMA is an n-channel silicon-gate depletion-load 
device packaged in a 40-pin, plastic or ceramic DIP. It uses a 
single +5V power supply and the standard Z80 Family 
single-phase clock. 



FUNCTIONAL DESCRIPTION 



Classes of Operation. The Z80 DMA has three basic 
classes of operation: 

■ Transfers of data between two ports (memory or I/O 
peripheral) 

■ Searches for a particular 8-bit maskable byte at a single 
port in memory or an I/O peripheral 

■ Combined transfers with simultaneous search between 
two ports 

Figure 4 illustrates the basic functions served by these 
classes of operation. 




During a transfer, the DMA assumes control of the system 
address and data buses. Byte by byte, data is read from one 
addressable port and written to the other addressable port. 
The ports may be programmed to be either system main 
memory or peripheral I/O devices. Thus, a block of data 
may be written from one peripheral to another, from one 
area of main memory to another, or from a peripheral to main 
memory and vice versa. 

During a search-only operation, data is read from the source 
port and compared byte by byte with a DMA-internal register 
containing a programmable match byte. This match byte 
may optionally be masked so that only certain bits within the 
match byte are compared. Search rates up to 1 .25 M bytes 
per second can be obtained with the 2.5 MHz Z80 DMA or 
2M bytes per second with the 4 MHz Z80A DMA. 

In combined searches and transfers, data is transferred 
between two ports while simultaneously searching for a 
bit-maskable byte match. 

Data transfers or searches can be programmed to stop, or 
interrupt, under various conditions. In addition, CPU- 
readable status bits can be programmed to reflect the 
condition. 

Modes of Operation. The Z80 DMA can be programmed 
to operate in one of three transfer and/or search modes: 

■ Byte-at-a-Time: data operations are performed one byte 
at a time. Between each byte operation the system buses 
are released to the CPU. The buses are requested again 
for each succeeding byte operation. 




1. Search memory 

2. Transfer memory-to-memory (optional search) 

3. Transfer memory-to-l/O (optional search) 

4. Search I/O 

5. Transfer l/O-to-l/O (optional search) 



Figure 3. Typical Z80 Environment 



Figure 4. Basic Functions of the Z80 DMA 
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2032-003, 004 



■ Burst: data operations continue until a port's Ready line 
to the DMA goes inactive. The DMA then stops and 
releases the system buses after completing its current 
byte operation. 

■ Continuous: data operations continue until the end of the 
programmed block of data is reached before the system 
buses are released. If a port's Ready line goes inactive 
before this occurs, the DMA simply pauses until the 
Ready line comes active again. 

In all modes, once a byte of data is read into the DMA, the 
operation on the byte will be completed in an orderly 
fashion, regardless of the state of other signals (including a 
port's Ready line). 

Due to the DMAs high-speed buffered method of reading 
data, operations on one byte are not completed until the 
next byte is read in. This means that total transfer or search 
block lengths must be two or more bytes, and that block 
lengths programmed into the DMA must be one byte less 
than the desired block length (count is N-1 where N is the 
block length). 

Commands and Status. The Z80 DMA has several 
writable control registers and readable status registers 
available to the CPU. Control bytes can be written to the 
DMA whenever the DMA is not controlling the system 
buses, but the act of writing a control byte to the DMA 
disables the DMA until it is again enabled by a specific 
command. Status bytes can also be read at any such time, 
but writing the Read Status Byte command or the Initiate 
Read Sequence command disables the DMA. 

Control bytes to the DMA include those which effect 
immediate command actions such as enable, disable, 
reset, load starting-address buffers, continue, clear 
counters, and clear status bits. In addition, many 
mode-setting control bytes can be written, including mode 
and class of operation, port configuration, starting 
addresses, block length, address counting rule, match and 
match-mask byte, interrupt conditions, interrupt vector, 
status-affects- vector condition, pulse counting, auto restart, 
Ready-line and Wait-line rules, and read mask. 

Readable status registers include a general status byte 
reflecting Ready-line, end-of-block, byte-match, and 
interrupt conditions, as well as 2-byte registers for the 
current byte count, Port A address, and Port B address. 

Variable Cycle. The Z80 DMA has the unique feature of 
programmable operation-cycle length. This is valuable in 
tailoring the DMA to the particular requirements of other 
system components (fast or slow) and maximizes the 
data-transfer rate. It also eliminates external logic for signal 
conditioning. 

There are two aspects to the variable cycle feature. First, the 
entire read and write cycles (periods) associated with the 
source and destination ports can be independently 
programmed as 2, 3, or 4 T-cycles long (more if Wait cycles 
are used), thereby increasing or decreasing the speed with 
which all DMA signals change (Figure 5). 



Second, the four signals in each port specifically associated 
with transfers of data (I/O Request, Memory Request, Read 
and Write) can each have its active trailing edge terminated 
one-half T-cycle early. This adds a further dimension of 
flexibility and speed, allowing such things as 
shorter-than-normal Read or Write signals that go inactive 
before data starts to change. 

Address Generation. Two 1 6-bit addresses are generated 
by the Z80 DMA for every transfer operation, one address 
for the source port and another for the destination port. 
Each address can be either variable or fixed. Variable 
addresses can increment or decrement from the 
programmed starting address. The fixed-address capability 
eliminates the need for separate enabling wires to I/O ports. 

Port addresses are multiplexed onto the system address 
bus, depending on whether the DMA is reading the source 
port or writing to the destination port. Two readable address 
counters (2 bytes each) keep the current address of each 
port. 

Auto Restart. The starting addresses of either port can be 
reloaded automatically at the end of a block. This option is 
selected by the Auto Restart control bit. The byte counter is 
cleared when the addresses are reloaded. 

The Auto Restart feature relieves the CPU of software 
overhead for repetitive operations such as CRT refresh and 
many others. Moreover, when the CPU has access to the 
buses during byte-at-a-time or burst transfers, different 
starting addresses can be written into buffer registers during 
transfers, causing the Auto Restart to begin at a new 
location. 

Interrupts. The Z80 DMA can be programmed to interrupt 
the CPU on four conditions: 

■ Interrupt on Ready (before requesting bus) 

■ Interrupt on Match 

■ Interrupt on End of Block 

Any of these interrupts cause an interrupt-pending status bit 
to be set, and each of them can optionally alter the DMAs 
interrupt vector. Due to the buffered constraint mentioned 
under "Modes of Operation," interrupts on Match at End of 
Block are caused by matches to the byte just prior to the last 
byte in the block. 

The DMA shares the Z80 Family's elaborate interrupt 
scheme, which provides fast interrupt service in real-time 
applications. In a Z80 CPU environment, the DMA passes 




N 

00 

o 
e 
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EARLY ENDING 

FOR CONTROL SIGNALS 



Figure 5. Variable Cycle Length 
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its internally modifiable 8-bit interrupt vector to the CPU, 
which adds an additional eight bits to form the memory 
address of the interrupt-routine table. This table contains the 
address of the beginning of the interrupt routine itself. In this 
process, CPU control is transferred directly to the interrupt 
routine, so that the next instruction executed after an 
interrupt acknowledge is the first instruction of the interrupt 
routine itself. 

Pulse Generation. External devices can keep track of how 
many bytes have been transferred by using the DMA's pulse 



output, which provides a signal at 256-byte intervals. The 
interval sequence may be offset at the beginning by 1 to 255 
bytes. 

The Interrupt line outputs the pulse signal in a manner that 
prevents misinterpretation by the CPU as an interrupt 
request, since it only appears when the Bus Request and 
Bus Acknowledge lines are both active. 



PIN DESCRIPTION 



A -A 15 . System Address Bus (output, 3-state). Addresses 
generated by the DMA are sent to both source and 
destination ports (main memory or I/O peripherals) on these 
lines. 

BAI. Bus Acknowledge In (input, active Low). Signals that 
the system buses have been released for DMA control. In 
multiple-DMA configurations, the BAI pin of the highest 
priority DMA is normally connected to the Bus Acknowledge 
pin of the CP U. Lo wer-priority DMAs have their BAI 
connected to the BAO of a higher-priority DMA. 

BAO. Bus Acknowledge Out (output, active Low). In a 
multiple-DMA configuration, this pin signals that no o ther 
high er-prio rity DMA has requested the system buses. BAI 
and BAO form a daisy chain for multiple-DMA priority 
resolution over bus control. 



BUSREQ. Bus Request (bidirectional, active Low, open 
drain). As an output, it sends requests for control of the 
system address bus, data bus, and control bus to the CPU. 
As an input when multiple D MAs a re strung together in a 
priority daisy chain via BAI and BAO, it senses when another 
DMA has requested the buses and causes this DMA to 
refrain from bus requesting until the other DMA is finished. 
Because it is a bidirectional pin, there cannot be any buffers 
between this DMA and any other DMA. It can, however, 
have a buffer between it and the CPU because it is 
unidirectional into the CPU. A pull-up resistor is connected 
to this pin. 



CE/WAIT. Chip Enable and Wait (input, active Low). 
Normally this functions only a s a CE line, b ut it can also be 
programmed to serve a WAIT function. Asa CE li ne from the 
CPU, it becomes active when WR or RD and IORQ are 
active and the I/O port address on the system address bus is 
the DMA's address, thereby allowing a transfer of control, 
command bytes from the CPU t o the DMA, or status bytes 
from the DMA to the CPU. As a WAIT line from memory or 
I/O devices, after the DMA has received a bus-request 
acknowledge from the CPU, it causes wait states to be 
inserted in the DMA's operation cycles thereby slowing the 
DMA to a speed that matches the memory or I/O device. 

CLK. System Clock (input). Standard Z80 single-phase 
clock at 2.5 MHz (Z80 DMA) or 4.0 MHz (Z80A DMA). For 
2.5 MHz clocks, a TTL gate with pullup resistor may be 
adequate to meet the timing and voltage level specification. 
For 4.0 MHz clocks, use a clock driver with an active pullup 
to meet the Vih specification and rise-time requirements. In 



all cases there should be a resistive pullup to the power 
supply of 1 0K ohms (max) to ensure proper power when the 
DMA is reset. 

D0-D7. System Data Bus (bidirectional, 3-state). Commands 
from the CPU, DMA status, and data from memory or I/O 
peripherals are transferred on these lines. 

IEI. Interrupt Enable In (input, active High). This is used with 
IEO to form a priority daisy chain when there is more than 
one interrupt-driven device. A High on this line indicates that 
no other device of higher priority is being serviced by a CPU 
interrupt service routine. 

IEO. Interrupt Enable Out (output, active High). IEO is High 
only if IEI is High and the CPU is not servicing an interrupt 
from this DMA. Thus, this signal blocks lower-priority 
devices from interrupting while a higher-priority device is 
being serviced by its CPU interrupt service routine. 

INT/PULSE. Interrupt Request (output, active Low, open 
drain). While the CPU is the bus master, this output requests 
a CPU in terrup t. The CPU acknowledges the interrupt by 
pulling its IORQ output Low during an M1 cycle. It is typically 
connected to the INT pin of the CPU with a pullup resistor 
and tied to all other INT pins in the system. This pin can also 
be used to generate periodic pulses to an e xternal de vice 
when the DMA is bus master (i.e., the CPU's BUSREQ and 
BUSACK lines are both Low and the CPU cannot see 
interrupts). While the DMA is the bus master, this output can 
be programmed to pulse each time 256 transfers have 
occurred. 



IORQ. Input/Output Request (bidirectional, active Low, 
3-state). As an input, this indicates that the lower half of the 
address bus holds a valid I/O port address for transfer of 
control or status bytes from, or to, the CPU, respectively; this 
DMA is the addressed port if its CE pin and its WR or RD pins 
are simultaneously active. As an output, after the DMA has 
taken control of the system buses, it indicates that the lower 
half of the address bus holds a valid port address for a nother 
I/O device involved in a DMA transfer of data. When IORQ 
and M1 are both active simultaneously, an interrupt 
acknowledge is indicated. 

M1. Machine Cycle One (input, active Low). Indicates that 
the current CPU machine cycle is an instruction fetch. It is 
used by the DMA to decode the return-from-interrupt 
instruction (RETI, ED_-4_D) sent by the CPU. During two-byte 
instruction fetches, M1 is active as each opcode byte is 
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fetched. An in terrupt acknowledge is indicated when both 
M1 and IORQ are active. 



MREQ. Memory Request (output, active Low, 3-state). This 
indicates that the address bus holds a valid address for a 
memory read or write operation. After the DMA has taken 
control of the system buses, it indicates a DMA transfer 
request from, or to, memory. 

RD. Read (bidirectional, active Low, 3-state). As an input, 
this indicates that the CPU wants to read status bytes from 
the DMA's read registers. As an output, after the DMA has 
taken control of the system buses, it indicates a 
DMA-controlled read from a memory or I/O port address. 



RDY. Ready (input, programmable active Low or High). This 
is monitored by the DMA to determine when a peripheral 
device associated with a DMA port is ready for a read or 
write operation. Depending on the mode of DMA operation 
(Byte, Burst, or Continuous), th e RDY line indirectly controls 
DMA activity by causing the BUSREQ line to go Low or 
High. 

WR. Write (bidirectional, active Low, 3-state). As an input, 
this indicates that the CPU wants to write control or 
command bytes to the DMA write registers. As an output, 
after the DMA has taken control of the system buses, it 
indicates a DMA-controlled write to a memory or I/O port 
address. 



INTERNAL STRUCTURE 



The internal structure of the Z80 DMA includes driver and 
receiver circuitry for interfacing with an 8-bit system data 
bus, a 16-bit system address bus, and system control lines 
(Figure 6). In a Z80 CPU environment, the DMA can be tied 
directly to the analogous pins on t he CPU (F igure 7) with no 
additional buffering, except for the CE/WAIT line. 

The DMA's internal data bus interfaces with the system data 
bus and services all internal logic and registers. Addresses 
generated from this logic for Ports A and B (source and 
destination) of the DMA's single transfer channel are 
multiplexed onto the system address bus. 

Specialized logic circuits in the DMA are dedicated to the 
various functions of external bus interfacing, internal bus 
control, byte matching, byte counting, periodic pulse 
generation, CPU interrupts, bus requests, and address 
generation. A set of twenty-one writable control registers 
and seven readable status registers provides the means by 
which the CPU governs and monitors the activities of these 
logic circuits. All registers are eight bits wide, with 
double-byte information stored in adjacent registers. The 
two address counters (two bytes each) for Ports A and B are 
buffered by the two starting addresses. 

The 21 writable control registers are organized into seven 
base-register groups, most of which have multiple registers. 
The base registers in each writable group contain both 



control/command bits and pointer bits that can be set to 
address other registers within the group. The seven 
readable status registers have no analogous second-level 
registers. 

The registers are designated as follows, according to their 
base-register groups: 

WR0-WR6— Write Register groups through 6 
(7 base registers plus 1 4 associated registers) 

RR0-RR6— Read Registers through 6 

Writing to a register within a write-register group involves first 
writing to the base register, with the appropriate pointer bits 
set, then writing to one or more of the other registers within 
the group. All seven of the readable status registers are 
accessed sequentially according to a programmable mask 
contained in one of the writable registers. The section 
entitled Programming explains this in more detail. 

A pipelining scheme is used for reading data in. The 
programmed block length is the number of bytes compared 
to the byte counter, which increments at the end of each 
cycle. In searches, data byte comparisons with the match 
byte are made during the read cycle of the next byte. 
Matches are, therefore, discovered only after the next byte is 
read in. 
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Figure 6. Block Diagram 
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Figure 7. Multiple-DMA Interconnection to the Z80 CPU 



In multiple-DMA configurations, inter rupt-request daisy 
chains are prioritized by the order in which their IEI and IEO 
lines are connected (Zilog Microprocessor Applications 
Reference Book, Volume 1 , # 00-2145-01 , The Z80 Family 
Program Interrupt Structure). The system bus, however, may 
not be pre-empted. Any DMA that gains access to the 
system buses keeps them until it is finished. 



Read Registers 


RRO 


Status byte 


RR1 


Byte counter (low byte) 


RR2 


Byte counter (high byte) 


RR3 


Port A address counter (low byte) 


RR4 


Port A address counter (high byte) 


RR5 


Port B address counter (low byte) 


RR6 


Port B address counter (high byte) 



Write Registers 



WRO Base register byte 

Port A starting address (low byte) 
Port A starting address (high byte) 
Block length (low byte) 
Block length (high byte) 

WR1 Base register byte 

Port A variable-timing byte 

WR2 Base register byte 

Port B variable-timing byte 

WR3 Base register byte 

Mask byte 
Match byte 

WR4 Base register byte 

Port B starting address (low byte) 
Port B starting address (high byte) 
Interrupt control byte 
Pulse control byte 
Interrupt vector 

WR5 Base register byte 

WR6 Base register byte 

Read mask 
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PROGRAMMING 



The Z80 DMA has two programmable fundamental states: 
(1) an enabled state, in which it can gain control of the 
system buses and direct the transfer of data between ports, 
and (2) a disabled state, in which it can initiate neither bus 
requests nor data transfers. When the DMA is powered up 
or reset by any means, it is automatically placed into the 
disabled state. Program commands can be written to it by 
the CPU in either state, but this automatically puts the DMA 
in the disabled state, which is maintained until an enable 
command is issued by the CPU. The CPU must program the 
DMA in advance of any data search or transfer by 
addressing it as an I/O port and sending a sequence of 
control bytes using an Output instruction (such as OTIR for 
theZ80CPU). 

Reading. (Figure 8a) The Read Registers (RR0-RR6) are 
read by the CPU by addressing the DMA as an I/O port 
using an Input instruction (such as INIR for the Z80 CPU). 
The readable bytes contain DMA status, byte-counter 
values, and port addresses since the last DMA reset. The 
registers are always read in a fixed sequence beginning with 
RRO and ending with RR6. However, the register read in this 
sequence is determined by programming the Read Mask in 
WR6. The sequence of reading is initialized by writing an 
Initiate Read Sequence or Set Read Status command to 
WR6. After a Reset DMA, the sequence must be initialized 
with the Initiate Read Sequence command or a Read Status 
command. The sequence of reading all registers that are not 
excluded by the Read Mask register must be completed 
before a new Initiate Read Sequence or Read Status 
command. 

Writing. Control or command bytes are written into one or 
more of the Write Register groups (WR0-WR6) by first writing 
to the base register byte in that group. All groups have base 
registers and most groups have additional associated 
registers. The associated registers in a group are 
sequentially accessed by first writing a byte to the base 
register containing register-group identification and pointer 
bits (1's) to one or more of that base register's associated 
registers. 



This is illustrated in Figure 8b. In this figure, the sequence in 
which associated registers within a group can be written to is 
shown by the vertical position of the associated registers. 
For example, if a byte written to the DMA contains the bits 
that identify WRO (bits DO, D1 and D7), and also contains 1 's 
in the bit positions that point to the associated "Port A 
Starting Address (low byte)" and "Port A Starting Address 
(high byte)," then the next two bytes written to the DMA will 
be stored in that order in these two registers. 

Fixed-Address Programming. A special circumstance 
arises when programming a destination port to have a fixed 
address. The load command in WR6 only loads a fixed 
address to a port selected as the source, not to a port 
selected as the destination. Therefore, a fixed destination 
address must be loaded by temporarily declaring it a 
fixed-source address and subsequently declaring the true 
source as such, thereby implicitly making the other a 
destination. 

The following example illustrates the steps in this procedure, 
assuming that transfers are to occur from a variable-address 
source (Port A) to a fixed-address destination (Port B): 

1 . Temporarily declare Port B as source in WRO. 

2. Load Port B address with LOAD command to WR6. 

3. Declare Port A as a source in WRO. 

4. Load Port A address with LOAD command to WR6. 

5. Enable DMA in WR6. 

Figure 9 illustrates a program to transfer data from memory 
(Port A) to a peripheral device (Port B). In this example, the 
Port A memory starting address is 1050h ancl the P° rt B 
peripheral fixed address is 05h- Note that the data flow is 
1 001 h bytes— one more than specified by the block length. 
The table of DMA commands may be stored in consecutive 
memory locations and transferred to the DMA with an 
output instruction such as the Z80 CPU's OTIR instruction. 
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READ REGISTER 

D 7 D 6 D 5 D 4 D 3 D 2 D, D 
| X I X [ | | | X | I | STATUS BYTE 



■ 1 = DMA TRANSFER HAS OCCURRED 

■ = READY ACTIVE 

■ = INTERRUPT PENDING 

■ = MATCH FOUND 

■ = END OF BLOCK 



READ REGISTER 1 



] BYTE COUNTER (HIGH BYTE) 



READ REGISTER 2 



READ REGISTER 3 



READ REGISTER 5 



"1 BYTE COUNTER (LOW BYTE) 



READ REGISTER 4 



1 PORT A ADDRESS COUNTER (LOW BYTE) 



READ REGISTER 6 



PORT A ADDRESS COUNTER (HIGH BYTE) 



~] PORT B ADDRESS COUNTER (LOW BYTE) 



PORT B ADDRESS COUNTER (HIGH BYTE) 



Figure 8a. Read Registers 
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WRITE REGISTER GROUP 

D 7 D 6 D 5 D« D 3 D 2 D 1 D 
|"o~| | | | | | [""] BASE REGISTER BYTE 



I I 



WRITE REGISTER 4 GROUP 

D 7 D 6 D 5 D 4 D 3 D 2 D 1 D 



BASE REGISTER BYTE 



DO NOT USE 

1 = TRANSFER 

1 - SEARCH 

1 1 = SEARCH/TRANSFER 
= PORT B-^ PORT A 
i PORT A -^ PORT B 



BYTE 
CONTINUOUS 

BURST - 1 
00 NOT PROGRAM = 1 



i! 



ax 



1 PORT A STARTING ADDRESS 
J (LOW BYTE) 



XX 



1 PORT B STARTING ADDRESS 
J (LOW BYTE) 



1 PORT A STARTING ADDRESS 
J (HIGH BYTE) 



IZ 



I PORT B STARTING ADDRESS 
J (HIGH BYTE) 



III I I I I I ^SSiUST 



TTTT 



BLOCK LENGTH 
(HIGH BYTE) 



INTERRUPT ON RDY = 1 
STATUS AFFECTS VECTOR » 1 



WRITE REGISTER 1 GROUP 

D 7 D 6 D 5 D 4 3 D 2 D 1 D 

Mill hi 



rr 



I I | I INTERRUPT CONTROL BYTE 



II. 



: INTERRUPT ON MATCH 
1 - INTERRUPT AT END OF BLOCK 
: PULSE GENERATED 



PULSE CONTROL BYTE 



BASE REGISTER BYTE 



TT 



INTERRUPT VECTOR 



= PORT A IS MEMORY 

1 = PORT A IS I/O 

= PORT A ADDRESS DECREMENTS 
= PORT A ADDRESS INCREMENTS 
} = PORT A ADDRESS FIXED 



VECTOR IS AUTOMATICALLY 

MODIFIED AS SHOWN 

ONLY IF "STATUS 

AFFECTS VECTOR" BIT IS SET 



,ll 



= INTERRUPT ON RDY 
= INTERRUPT ON MATCH 
« INTERRUPT ON END OF BLOCK 
= INTERRUPT ON MATCH 
AND END OF BLOCK 



I I I'M 



PORT A VARIABLE TIMING BYTE 



I 



WR ENDS 1/2 CYCLE EARLY = 
RD END S Vz CY CLE EARLY 

MREQ ENDS Vz CYCLE EARLY = 



I I 



= CYCLE LENGTH = 4 

1 = CYCLE LENGTH = 3 

1 = CYCLE LENGTH = 2 
J 1 = DO NOT USE 

> IORQ ENDS Vz CYCLE EARLY 



WRITE REGISTER 5 GROUP 

D 7 D 6 D s D 4 D 3 D 2 D, D 
I 1 1 1 1 1 I I 1 fol BASE REGISTER BYTE 



WRITE REGISTER 2 GROUP 

D 7 D 6 D 5 D 4 D 3 D 2 D 1 D 



= READY ACTIVE LOW 
1_= READY ACTIVE HIGH 

6 » CE ONLY 

1 m CE/WAIT MULTIPLEXED 

STOP ON END OF BLOCK 

AUTO RESTART ON END OF BLOCK 



I I I | BASE REGISTER BYTE 



I = PORT B IS MEMORY 
» PORT B IS I/O 
0= PORT B ADDRESS DECREMENTS 

1 = PORT B ADDRESS INCREMENTS 

1 J I = PORT B ADDRESS FIXED 



WRITE REGISTER 6 GROUP 

D 7 D 6 D 5 D 4 D 3 D 2 D, D 



BASE REGISTER BYTE 



I I I I I 



f PORT B VARIABLE TIMING BYTE 



WR ENDS Vz CYCLE EARLY = | 
RD END S Vz CY CLE EARLY = 

MREQ ENDS Vz CYCLE EARLY = 



I I 

= 



: CYCLE LENGTH = 4 
= CYCLE LENGTH = 3 

1 = CYCLE LENGTH = 2 

1 1 DO NOT USE 

• IORQ ENDS Vz CYCLE EARLY 



WRITE REGISTER 3 GROUP 

D 7 D 6 D 5 D 4 D 3 D 2 D, D 



1 1 | BASE REGISTER BYTE 



DMA ENABLE = 1 | 
INTERRUPT ENABLE = 1 



I 



1 = STOP ON MATCH 



Q 



HEX COMMAND NAME 

= C3 a RESET 

1 = C7 = RESET PORT A TIMING 

1 = CB = RESET PORT B TIMING 

1 1 = CF = LOAD 

1 = D3 = CONTINUE 

1 1 = AF = DISABLE INTERRUPTS 

1 = AB = ENABLE INTERRUPTS 

= A3 = RESET AND DISABLE INTERRUPTS 

1 1 = B7 = ENABLE AFTER RETI 

1 1 1 = BF = READ STATUS BYTE 

1 = 8B = REINITIALIZE STATUS BYTE 

1 = A7 = INITIATE READ SEQUENCE 

1 = B3 = FORCE READY 

1 = 87 = ENABLE DMA 

= 83 = DISABLE DMA 

1 1 = BB = READ MASK FOLLOWS 



J READ MASK (1 = ENABLE) 



I MASK BYTE (0 = COMPARE) 



I | MATCH BYTE 



STATUS BYTE 

BYTE COUNTER (LOW BYTE) 
BYTE COUNTER (HIGH BYTE) 
PORT A ADDRESS (LOW BYTE) 
PORT A ADDRESS (HIGH BYTE) 
PORT B ADDRESS (LOW BYTE) 
PORT B ADDRESS (HIGH BYTE) 



Figure 8b. Write Registers 
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Comments 


D 7 


D 6 


D 5 


D 4 


D 3 


D 2 


Di 


Do 


HEX 


WRO sets DMA to receive 
block length, Port A start- 
ing address and temporarily 
sets Port B as source 





1 

Block Length 

Upper 

Follows 


1 

Block Length 

Lower 

Follows 


1 

Port A 

Upper 

Address 

Follows 


1 

Port A 

Lower 

Address 

Follows 




B ►A 

Temporary 

for 
Loading B 
Address* 



Transfer, 


1 
Mo Search 


79 


Port A address (lower) 





1 





1 














50 


Port A address (upper) 











1 














10 


Block length (lower) 


























00 


Block length (upper) 











1 














10 


WR1 defines Port A as 
memory with fixed 
incrementing address 







No Timing 

Follows 



Address 
Changes 


1 

Address 

Increments 



Port is 
Memory 


1 








14 


WR2 defines Port B as 
peripheral with fixed 
address 







No Timing 

Follows 


1 

Fixed 

Address 





1 

Port is 

I/O 











28 


WR4 sets mode to Burst, 
sets DMA to expect Port B 
address 


1 


1 

Burst 



Mode 




No Interrupt 

Control Byte 

Follows 



No Upper 
Address 


1 

Port B Lower 

Address 

Follows 





1 


C5 


Port B address (lower) 

















1 





1 


05 


WR5 sets Ready actrye High 


1 






No Auto 
Restart 



No Wait 
States 


1 

RDY 

Active High 





1 





8A 


WR6 loads Port B address 
and resets block counter * 


1 


1 








1 


1 


1 


1 


CF 


WRO sets Port A as source * 










No Addres 
Lengtr 



s or Block 
Bytes 





1 
A ►B 


1 
Transfer, No Search 


05 


WR6 loads Port A address 
and resets block counter 


1 


1 








1 


1 


1 


1 


CF 


WR6 enables DMA to start 
operation 


1 














1 


1 


1 


87 



NOTE The actual number of bytes transferred is one more than specified by the block length 
*These entries are necessary only in the case of a fixed destination address 



Figure 9. Sample DMA Program 
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INACTIVE STATE TIMING 

(DMA as CPU Peripheral) 

In its disabled or inactive state, the DMA is addressed by the 
CPU as an I/O peripheral for write and read (control and 
status) operations. Write timing is illustrated in Figure 10. 

Reading of the DMA's status byte, byte counter, or port 
address counters is illustrated in Figure 11. These 



operations require less than three T-cycles. The CE, IORQ, 
and RD lines are made active over two rising edges of CLK, 
and data appears on the bus approximately one T-cycle 
after they become active. 




D0-D7 



CE . 

RD 

D0-D7 ■ 



5- 



Figure 10. CPU-to-DMA Write Cycle 



Figure 1 1 . CPU-to-DMA Read Cycle 



ACTIVE STATE TIMING 

(DMA as Bus Controller) 

Default Read and Write Cycles. By default, and after 
reset, the DMA's timing of read and write operations is 
exactly the same as the Z80 CPU's timing of read and write 
cycles for memory and I/O peripherals, with one exception: 
during a read cycle, data is latched on the falling edge of T3 
and held on the data bus across the boundary between 
read and write cycles, through the end of the following write 
cycle. 

Figure 12 illustrates the timing for memory-to-l/O port 
transfers and Figure 13 illustrates l/O-to-memory transfers. 



Memory-to-memory and l/O-to-l/O transfer timings are 
simply permutations of these diagrams. 

The default timing uses three T-cycles for memory 
transactions and four T-cycles for I/O transactions, which 
include one auto mat i cally i nserted wait cycle Owa) between 
J 2 an d T 3 . If the CE/WAIT line is programmed to act as a 
WAIT line during the DMA's active state, it is sampled on the 
falling edge of T2 for memory tran sac t ions a nd the falling 
edge of Twa for I/O transactions. If CE/WAIT is Low during 
this time another T-cycle is added, during which the 
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CLK 


T1 


T 


2 


T 3 


T1 


T 2 


T w 


» 


T 3 




A -A 13 


X 








X 










X 


f 






















MREQ 


\ 
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RD 
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r 
















I IORQ 












\ 
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I WR 
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Y_ 


MEMORY 


f" 


DAT 
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DMA 
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DRIV 
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CE/WAIT """ 
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"T 
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Figure 12. Memory-to-l/O Transfer 
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2032-011,012,013 



CE/WAIT line will again be sampled. The duration of 
transactions can thus be indefinitely extended. 

Variable Cycle and Edge Timing. The Z80 DMAs default 
operation-cycle length for the source (read) port and 
destination (write) port can be independently programmed. 
This variable-cycle feature allows read or write cycles 
consisting of two, three, or four Tcycles (more if Wait cycles 
are inserted), thereby increasing or decreasing the speed of 
all signals ge nerate d by the DMA. In addition, the trailing 
edges of the IORQ, MREQ, RD, and WR signals can be 
independently terminated one-half cycle early. Figure 14 
illustrates this. 



In the variable-cycle mode, unlike defaul t timing, I ORQ 
comes ac tive one-half cycle before MREQ, RD, and WR. 
CE/WAIT can be used to extend only the 3 or 4 T-cycle 
variable m emory cy cles and only the 4-cycle variable I/O 
cycle. The CE/WAIT line is sampled at the falling edge of T2 
for 3- or 4-cycle memory cycles, and at the falling edge of T3 
for 4-cycle I/O cycles. 



During transfers, datajs latched on the clock edge causing 
the rising edge of RD and held until the end of the write 
cycle. 

Bus Requests. Figure 15 illustrates the bus request and 
acceptance timing. The RDY line, which may be 
programmed active High or Low, is sampled on every rising 
edge of CLK. If it is found to be active, and if the bus is not in 
use by any othe r device, the following rising ed ge of CLK 
drives BUSREQ Low. After receiving BUSREQ, the CPU 
acknowledges on the BAI input either directly or through a 
multiple-DMA daisy chain. When a Low is detected on BAI 
for two consecutive rising edges of CLK, the DMA will begin 
transferring data on the next rising edge of CLK. 

Bus Rele ase Byte-at-a-Time. In Byte-at-a-Time mode, 
BUSREQ is brought High on the rising edge of CLK prior to 
the end of each read cycle (search-only) or write cycle 
(transfer and transfer/search) as illustrated in Figure 1 6. This 
is done regardless of the state of RDY. There is no possibility 
of confusion when a Z80 CPU is used since the CPU cannot 




READ < 



A -A 1( 



IORQ 



D0-D7 



MREQ 



CE/WATf 



::7fq::^::37 

Figure 13. l/O-to-Memory Transfer 
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e 
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A 0" A 1! 



IdlffS _ V 



MREQ" 
RD,WR 



JLJL 



1-JL. 



1--L..J 



1--L-.J 



2-CYCLE 3-CYCLE 4-CYCLE 
EARLY END EARLY END EARLY END 




Figure 14. Variable-Cycle and Edge Timing 



Figure 15. Bus Request and Acceptance 



2032-014,015,016 
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begin an operation until the following T-cycle. Most other 
CPUs are not bothered by this either, although note should 
be taken of it. The next b us request for the next byte will 
come after both BUSREQ and BAI have returned High. 

Bus Release at End of Bloc k. In Burs t and Continuous 
modes, an end of block causes BUSREQ to go High usually 
on the same rising edge of CLK in which the DMA 
completes the transfer of the data block (Figure 1 7). The last 
byte in the block is transferred even if RDY goes inactive 
before completion of the last byte transfer. 

Bus Release on Not Ready. In Burst mode, when RDY 
goes inactive it causes BUSREQ to go High on the next 
rising edge of CLK after the completion of its current byte 
operation (Figure 18). The action on BUSREQ is thus 
somewhat delayed from action on the RDY line. The DMA 
always completes its current byte operation in an orderly 
fashion before releasing the bus. 



By contrast, BUSREQ is not released in Continuous mode 
when RDY goes inactive. Instead, the DMA idles after 
completing the current byte operation, awaiting an active 
RDY again. 

Bus Release on Match. If the DMA is programmed to stop 
on match in Burst or Continuous modes, a match causes 



BUSREQ to go inactive on the next DMA operation, i.e., at 
the end of the next read in a search or at the end of the 
following write in a transfer (Figure 1 9). Due to the pipelining 
scheme, matches are determined while the next DMA read 
or write is being performed. 

The RDY line can go inactive after the matching operation 
begins without affecting this bus-release timing. 

Interrupts. Timings for interrupt acknowledge and return 
from interrupt are the same as timings for these in other Z80 
peripherals. Refer to the Zilog Microprocessor Applications 
Reference Book, Volume 1 , #00-2145-01 , (The Z80 Family 
Program Interrupt Structure). 

Interrupt on RDY (in terrupt be fore requesting bus) does not 
directly affect the BUSREQ line. Instead, the interrupt 
service routine must handle this by issuing the following 
commands to WR6: 

1. Enable after Return From Interrupt (RETI) 
Command— Hex B7 

2. Enable DMA— Hex 87 

3. An RETI instruction that resets the Interrupt Under 
Service latch in the Z80 DMA. 



BUSREQ 



_njn_r 

__H~ 



*A- 



DMA ACTIVE — ►(-« — DMA INACTIVE 



Figure 16. Bus Release (Byte-at-a-Time Mode) 




DMA 
INACTIVE 



Figure 17. Bus Release at End of Block 
(Burst and Continuous Modes) 
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2032-017,018 




DMA 
INACTIVE 



Figure 18. Bus Release When Not Ready 
(Burst Mode) 
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Figure 19. Bus Release on Match 
(Burst and Continuous Modes) 
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AC CHARACTERISTICS 

(Inactive State) 



INTERRUPT 
CONDITION 




INACTIVE 

NOTE: Signals in this diagram bear no relation to one another unless specifically noted as a numbered item. 
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AC CHARACTERISTICS 

(Inactive State) 









Z80 DMA 


Z80ADMA 






Number 


Symbol 


Parameter 


Min 


Max 


Min 


Max 


Unit 




1 


TcC 


Clock Cycle Time 


400 


4000 


250 


4000 


ns 




2 


TwCh 


Clock Width (High) 


170 


2000 


110 


2000 


ns 




3 


TwCI 


Clock Width (Low) 


170 


2000 


110 


2000 


ns 




4 


TrC 


Clock Rise Time 




30 




30 


ns 




5 


TfC 


Clock Fall Time 




30 




30 


ns 




6 


Th 


Hold Time for Any Specified Setup Time 












ns 




7 


TsC(Cr) 


IORQ, WR, CE 1 to Clock t Setup 


280 




145 




ns 




8 


TdDO(RDf) 


RD 4 to Data Output Delay 




500 




380 


•ns 




9 


TsDI(Cr) 


Data In to Clock t Setup (WR or Ml) 


50 




50 




ns 


S 


10 


TdDO(IOf) 


IORQ 4 to Data Out Delay (INTA Cycle) 




340 




160 


ns 


5 


11 


TdRDr(Dz) 


RD t to Data Float Delay (output buffer disable) 




160 




110 


ns 


12 


TslEI(IORQf) 


IEI to IORQ I Setup (INTA Cycle) 


140 




140 




ns 


> 


13 


TdlEOr(IEIr) 


lEIt to lEOt Delay 




210 




160 


ns 




14 


TdlEOf(IEIf) 


IEU to IEOI Delay 




190 




130 


ns 




15 


TdMlf(IEOf) 


M1 1 to IEO \ Delay (interrupt just prior to M1 1) 




300 




190 


ns 




16 


TsM1f(Cr) 


MTl to Clock t Setup 


210 




90 




ns 




17 


TsM1r(Cf) 


Ml t to Clock Setup 


20 




-10 




ns 




18 


TsRDf(Cr) 


RD 1 to Clock t Setup (M1 Cycle) 


240 




115 




ns 




19 


Tdl(INTf) 


Interrupt Cause to INT I Delay (INT generated 
only when DMA is inactive) 




500 




500 


ns 




20 


TdBAIr(BAOr) 


BAIt to BAOt Delay 




200 




150 


ns 




21 


TdBAIf(BAOf) 


BAU to BAO* Delay 




200 




150 


ns 




22 


TsRDY(Cr) 


RDY Active to Clock t Setup 


150 




100 




ns 





NOTE: Negative minimum setup values mean that the first-mentioned event can come after the second-mentioned event. 
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AC CHARACTERISTICS 

(Active State) 




NOTE: Signals in this diagram bear no relation to one another unless specifically noted as a numbered item. 



Number Symbol 



Parameter 



Z80DMA°tt 
Min(ns) Max(ns) 



Z80ADMA°*t 
Min(ns) Max(ns) 



1 


TcC 


Clock Cycle Time 


2 


TwCh 


Clock Width (High) 


3 


TwCI 


Clock Width (Low) 


4 


TrC 


Clock Rise Time 


5 


TfC 


Clock Fall Time 



400 




250 




180 


2000 


110 


2000 


180 


2000 


110 


2000 




30 




30 




30 




30 



NOTES: 

° Numbers in parentheses are other parameter-numbers in this table; their values should be substituted in equations. 

$ All equations imply DMA default (standard) timing. 

t Data must be enabled onto data bus when RD is active. 

* Parameter is not illustrated in the AC Timing Diagrams 
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AC CHARACTERISTICS (Continued) 
(Active State) 



Number 


Symbol 


Parameter 


Z80DMA°*t 
Min(ns) Max(ns) 


Z80ADMA°*t 
Min(ns) Max(ns) 


6 


TdA 


Address Output Delay 




145 




110 


7 


TdC(Az) 


Clock t to Address Float Delay 




110 




90 


8 


TsA(MREQ) 


Address to MREQ 1 Setup (Memory Cycle) 


(2) + (5) -75 




(2) + (5) -75 




9 


TsA(IRW) 


Address Stable to IORQ, RD, WR i Setup 
(I/O Cycle) 


(1)-80 




(1)-70 




*10 


TdRW(A) 


RD, WR t to Addr. Stable Delay 


(3) + (4) + 40 




(3) + (4) -50 




*11 


TdRW(Az) 


Rd, WRt to Addr. Float 


(3) + (4) -60 




(3) + (4) -45 




12 


TdCf(DO) 


Clock I to Data Out Delay 




230 




150 


*13 


TdCr(Dz) 


Clock t to Data Float Delay (Write Cycle) 




90 




90 M 


14 


TsDI(Cr) 


Data In to Clock t Setup (Read cycle when 
rising edge ends read) 


50 




35 





15 


TsDI(Cf) 


Data In to Clock 1 Setup (Read cycle when 
falling edge ends read) 


60 




50 


3 
> 


*16 


TsDO(WfM) 


Data Out to WR 1 Setup (Memory Cycle) 


(1)-210 




(1)-170 




17 


TsDO(Wfl) 


Data Out to WR I Setup (I/O cycle) 


100 




100 




*18 


TdWr(DO) 


WR t to Data Out Delay 


(3) + (4) -80 




(3) + (4) -70 




19 


Th 


Hold Time for Any Specified Setup Time 












20 


TdCr(Mf) 


Clock t to MREQ 4 Delay 




100 




85 




TdCf(Mf) 






100 






21 


Clock 1 to MREQ I Delay 


85 


22 


TdCr(Mr) 


Clock t to MREQ t Delay 




100 




85 


23 


TdCf(Mr) 


Clock I to MREQ t Delay 




100 




85 


24 


TwM1 


MREQ Low Pulse Width 


(1)-40 




(1)-30 




*25 


TwMh 


MREQ High Pulse Width 


(2) + (5) -30 




(2) + (5) -20 




26 


TdCf(lf) 


Clock I to IORQ i Delay 




110 




85 


27 


TdCr(lf) 


Clock t to IORQ 1 Delay 




90 




75 


28 


TdCr(lr) 


Clock t to IORQ t Delay 




100 




85 


*29 


TdCf(lr) 


Clock 1 to IORQ t Delay 




110 




85 


30 


TdCr(Rf) 


Clock t to RCU Delay 




100 




85 


31 


TdCf(Rf) 


Clock 1 to RD I Delay 




130 




95 


32 


TdCr(Rr) 


Clock t to RD t Delay 




100 




85 


33 


TdCf(Rr) 


Clock 1 to RD t Delay 




110 




85 


34 


TdCr(Wf) 


Clock t to WR* Delay 




80 




65 


35 


TdCf(Wf) 


Clock! to WRI Delay 




90 




80 


36 


TdCr(Wr) 


Clock t to WRt Delay 




100 




80 


37 


TdCf(Wr) 


Clock* to WRt Delay 




100 




80 


38 


TwWI 


WR Low Pulse Width 


(1)-40 




(1)-30 




39 


TsWA(Cf) 


WAIT to Clock! Setup 


70 




70 




40 


TdCr(B) 


Clock t to BUSREQ Delay 




150 




100 


41 


TdCr(lz) 


Clock t to IORQ, MREQ, RD, WR Float Delay 




100 




80 



NOTES - ° Numbers in parentheses are other parameter-numbers in this table; their values should be substituted in equations. 
$ All equations imply DMA default (standard) timing, 
t Data must be enabled onto data bus when RD is active. 
* Parameter is not illustrated in the AC Timing Diagrams. 
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ABSOLUTE MAXIMUM RATINGS 



Voltages on all pins with respect 

to ground -0.3V to + 7V 

Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°Cto +150°C 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above those indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



STANDARD TEST CONDITIONS 



The DC characteristics and capacitance sections listed 
below apply for the following test conditions, unless 
otherwise noted. All voltages are referenced to GND (0V). 
Positive current flows into the referenced pin. 

Available operating temperature ranges are: 

■ S = 0°C to +70°C, + 4.75V <V CC < + 5.25V 

All ac parameters assume a load capacitance of 1 00 pf max. 
Timing references between two output signals assume a 
load difference of 50 pf max. 

The Ordering Information section lists package temperature 



ranges and product numbers. Package drawings are in the 
Package Information section. Refer to the Literature List for 
additional documentation. 



FROM OUTPUT t 
UNDER TEST v 



ioopf * 2 A° 




DC CHARACTERISTICS 



Symbol Parameter 



Min 



Max 



Unit Condition 



VlLC 


Clock Input Low Voltage 


V|HC 


Clock Input High Voltage 


V|L 


Input Low Voltage 


V|H 


Input High Voltage 


Vol 


Output Low Voltage 


VOH 


Output High Voltage 


ice 


Power Supply Current 




Z80 DMA 




Z80A DMA 


Ili 


Input Leakage Current 


Ilo 


3-State Output Leakage Current in Float 


Ild 


Data Bus Leakage Current in Input Mode 



-0.3 


0.45 


V 




Vcc--6 


5.5 


V 




-0.3 


0.8 


V 




2.0 


5.5 
0.4 


V 
V 






I l = 3.2mA for BUSREQ 








Iol = 2.0 mAfor all others 


2.4 




V 


lOH = 250 mA 




150 


mA 






200 


mA 






10 


MA 


V| N = OtoVcc 




±10 


fxA 


VoUT = 0.4VtoV CC 




±10 


MA 


0<V, N <V CC 



Vcc = 5V ± 5% unless otherwise specified, over specified temperature range. 


CAPACITANCE 


Symbol 


Parameter Min 


Max 


Unit 


C 

C|N 
COUT 


Clock Capacitance 
Input Capacitance 
Output Capacitance 


35 

5 

15 


pf 
Pf 
Pf 



NOTES: Over specified temperature range; f = MHz. 
Unmeasured pins returned to ground. 
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ORDERING INFORMATION 

Z80 DMA, 2.5 MHz 
40-pin DIP 

Z8410PS 
Z8410CS 

Z80A DMA, 4.0 MHz 
40-pin DIP 

Z8410APS 
Z8410ACS 



Codes 

First letter is for package; second letter is for temperature. 

C = Ceramic DIP 

P = Plastic DIP 

L = Ceramic LCC 

V = Plastic PCC 



TEMPERATURE 
S = 0°Cto+70°C 
E = -40°Cto+85°C 
M*= -55°Cto +125°C 

Example: PS is a plastic DIP, 0°C to + 70°C. 



tAvailable soon. 

* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 

FLOW 

B = 883 Class B 



M 

OP 

o 
3 
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Z8420Z80®PIO 
Parallel Input/Output 
Controller 



Zilog 



Product 
Specification 



April 1985 



FEATURES 

■ Provides a direct interface between Z80 microcomputer 
systems and peripheral devices. 

■ Two ports with interrupt-driven handshake for fast 
response. 

■ Four programmable operating modes: Output, Input, 
Bidirectional (Port A only), and Bit Control 

■ Programmable interrupts on peripheral status 
conditions. 



M 

§ 

Standard Z80 Family bus-request and prioritized *G 
interrupt-request daisy chains implemented without q 
external logic. 

The eight Port B outputs can drive Darlington transistors 
(1.5 mA at 1.5V). 



GENERAL DESCRIPTION 



The Z80 PIO Parallel I/O Circuit is a programmable, 
dual-port device that provides a TTL-compatible interface 
between peripheral devices and the Z80 CPU (Figures 1 
and 2). The CPU configures the Z80 PIO to interface with a 



wide range of peripheral devices with no other external 
logic. Typical peripheral devices that are compatible with the 
Z80 PIO include most keyboards, paper tape readers and 
punches, printers, and PROM programmers. 
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32 


]PB 5 
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Figure 1 . Pin Functions 



Figure 2a. 40-pin Dual-ln-Line Package (DIP), 
Pin Assignments 



2006-001,002 
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Figure 2b. 44-pin Chip Carrier, 
Pin Assignments 



One characteristic of the Z80 peripheral controllers that 
separates them from other interface controllers is that all 
data transfer between the peripheral device and the CPU is 
accomplished under interrupt control. Thus, the interrupt 
logic of the PIO permits full use of the efficient interrupt 
capabilities of the Z80 CPU during I/O transfers. All logic 
necessary to implement a fully nested interrupt structure is 
included in the PIO (Figure 3). 

Another feature of the PIO is the ability to interrupt the CPU 
upon occurrence of specified status conditions in the 
peripheral device. For example, the PIO can be 
programmed to interrupt if any specified peripheral alarm 
conditions should occur. This interrupt capability reduces 
the time the processor must spend in polling peripheral 
status. 

The Z80 PIO interfaces to peripherals via two independent 
general-purpose I/O ports, designated Port A and Port B. 
Each port has eight data bits and two handshake signals, 
Ready and Strobe, which control data transfer. The Ready 
output indicates to the peripheral that the port is ready for a 
data transfer. Strobe is an input from the peripheral that 
indicates when a data transfer has occurred. 

Operating Modes. TheZ80 PIO ports can be programmed 
to operate in four modes: Output (Mode 0), Input (Mode 1), 
Bidirectional (Mode 2) and Bit Control (Mode 3). 

Either Port A or Port B can be programmed to output data in 
Mode 0. Both ports have output registers that are 
individually addressed by the CPU; data can be written to 
either port at any time. When data is written to a port, an 
active Ready output indicates to the external device that 
data is available at the associated port and is ready for 
transfer to the external device. After the data transfer, the 
external device responds with an active Strobe input, which 
generates an interrupt, if enabled. 




Figure 3. PIO in a Typical Z80 Family Environment 

Either Port A or Port B can be programmed to input data in 
Mode 1 . Each port has an input register addressed by the 
CPU. When the CPU reads data from a port, the PIO sets the 
Ready signal, which is detected by the external device. The 
external device then places data on the I/O lines and strobes 
the I/O port, which latches the data into the Port Input 
Register, resets Ready, and triggers the Interrupt Request, if 
enabled. The CPU can read the input data at any time, 
which again sets Ready. 

Mode 2 is bidirectional and uses only Port A, plus the 
interrupts and handshake signals from both ports. Port B 
must be set to Mode 3 and masked off from generating 
interrupts. In operation, Port A is used for both data input 
and output. Output operation is similar to Mode e xcept 
that data is allowed out onto the Port A bus only when ASTB 
is Low. For input, operation is similar to Mode 1 , except that 
the data input uses the Port B handshake signals and the 
Port B interrupt, if enabled. 
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Both ports can be used in Mode 3. In this mode, the 
individual bits are defined as either input or output bits. This 
provides up to eight separate, individually defined bits for 
each port. During operation, Ready and Strobe are not 
used. Instead, an interrupt is generated if the condition of 
one input changes, or if all inputs change. The requirements 
for generating an interrupt are defined during the 
programming operation; the active level is specified as 
either High or Low, and the logic condition is specified as 
either one input active (OR) or all inputs active (AND). For 
example, if the port is programmed for active Low inputs and 



the logic function is AND, then all inputs at the specified port 
must go Low to generate an interrupt. 

Data outputs are controlled by the CPU and can be written 
or changed at any time. 

■ Individual bits can be masked off. 

■ The handshake signals are not used in Mode 3; Ready is 
held Low, and Strobe is disabled. 

■ When using the Z80 PIO interrupts, the Z80 CPU 
interrupt mode must be set to Mode 2. 



INTERNAL STRUCTURE 



The internal structure of the Z80 PIO consists of a Z80 CPU 
bus interface, internal control logic, Port A I/O logic, Port B 
I/O logic, and interrupt control logic (Figure 4). The CPU bus 
interface logic allows the Z80 PIO to interface directly to the 
Z80 CPU with no other external logic. The internal control 
logic synchronizes the CPU data bus to the peripheral 
device interfaces (Port A and Port B). The two I/O ports (A 
and B) are virtually identical and are used to interface 
directly to peripheral devices. 

Port Logic. Each port contains separate input and output 
registers, handshake control logic, and the control registers 
shown in Figure 5. All data transfers between the peripheral 
unit and the CPU use the data input and output registers. 
The handshake logic associated with each port controls the 
data transfers through the input and the output registers. 
The mode control register (two bits) selects one of the four 
programmable operating modes. 

The Bit Control mode (Mode 3) uses the remaining registers. 
The input/output control register specifies which of the eight 
data bits in the port are to be outputs and enables these bits; 
the remaining bits are inputs. The mask register and the 
mask control register govern Mode 3 interrupt conditions. 
The mask register specifies which of the bits in the port are 
active and which are masked or inactive. 



The mask control register specifies two conditions: first, 
whether the active state of the input bits is High or Low, and 
second, whether an interrupt is generated when any one 
unmasked input bit is active (OR condition) or if the interrupt 
is generated when all unmasked input bits are active (AND 
condition). 

Interrupt Control Logic. The interrupt control logic section 
handles all CPU interrupt protocol for nested-priority 
interrupt structures. Any device's physical location in a 
daisy-chain configuration determines its priority. Two lines 
(IEI and IEO) are provided in each PIO to form this daisy 
chain. The device closest to the CPU has the highest priority. 
Within a PIO, Port A interrupts have higher priority than 
those of Port B. In the byte input, byte output, or bidirectional 
modes, an interrupt can be generated whenever the 
peripheral requests a new byte transfer. In the bit control 
mode, an interrupt can be generated when the peripheral 
status matches a programmed value. The PIO provides for 
complete control of nested interrupts. That is, lower priority 
devices may not interrupt higher priority devices that have 
not had their interrupt service routines completed by the 
CPU. Higher priority devices may interrupt the servicing of 
lower priority devices. 
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Figure 4. Block Diagram 
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If the CPU (in interrupt Mode 2) accepts an interrupt, the 
interrupting device must provide an 8-bit interrupt vector for 
the CPU. This vector forms a pointer to a location in memory 
where the address of the interrupt service routine is located. 
The 8-bit vector from the interrupting device forms the least 
significant eight bits of the indirect pointer while the I 
Register in the CPU provides the most significant eight bits 
of the pointer. Each port (A and B) has an independent 
interrupt vector. The least significant bit of the vector is 
automatically set to within the PIO because the pointer 
must point to two adjacent memory locations for a complete 
1 6-bit address. 

Unlike the other Z80 peripherals, the PIO does not enable 
interrupts immediately after programming. It waits until M1 
goes Low (e.g., during an opcode fetch). This condition is 
unimportant in the Z80 environment but might not be if 
another type of CPU is used. 



The PIO decodes the RETI (Return From Interrupt) 
instruction directly from the CPU data bus so that each PIO 
in the system knows at all times whether it is being serviced 
by the CPU interrupt service routine. No other 
communication with the CPU is required. 

CPU Bus I/O Logic. The CPU bus interface logic interfaces 
the Z80 PIO directly to the Z80 CPU, so no external logic is 
necessary. For large systems, however, address decoders 
and/or buffers may be necessary. 

Internal Control Logic. This logic receives the control 
words for each port during programming and, in turn, 
controls the operating functions of the Z80 PIO. The control 
logic synchronizes the port operations, controls the port 
mode, port addressing, selects the read/write function, and 
issues appropriate commands to the ports and the interrupt 
logic. The Z80 PIO does not receiv e a wr ite input from the 
CPU; instead, the RD, CE, C/D and IORQ signals internally 
generate the write input. 
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* Used in the bit mode only to allow generation of an interrupt if the peripheral I/O pins go to the 
specified state. 



Figure 5. Typical Port I/O Block Diagram 
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PROGRAMMING 



Mode 0, 1, or 2. (Input, Output, or Bidirectional). 
Programming a port for Mode 0, 1 , or 2 requires at least one, 
and up to three, control words per port. These words are: 

Mode Control Word (Figure 6). Selects the port operating 
mode. This word is required and may be written at any time. 

Interrupt Vector Word (Figure 7). The Z80 PIO is designed 
for use with the Z80 CPU in interrupt Mode 2. This word 
must be programmed if interrupts are to be used. 

Interrupt Control Word (Figure 9) or Interrupt Disable 

Word (Figure 1 1 ). Controls the enable or disable of the PIO 
interrupt function. 

Mode 3 (Bit Control). Programming a port for Mode 3 
requires at least two, and up to four, control words. 

Mode Control Word (Figure 6). Selects the port operating 
mode. This word is required and may be written at any time. 

I/O Register Control Word (Figure 8). When Mode 3 is 
selected, the Mode Control Word must be followed by the 
I/O Control Word. This word configures the I/O control 
register, which defines which port lines are inputs or outputs. 
This word is required. 



Interrupt Vector Word (Figure 7). The Z80 PIO is designed 
for use with the Z80 CPU in interrupt Mode 2. This word 
must be programmed if interrupts are to be used. 

Interrupt Control Word. In Mode 3, handshake is not 
used. Interrupts are generated as a logic function of the 
input signal levels. The interrupt control word sets the logic 
conditions and the logic levels required for generating an 
interrupt. Two logic conditions or functions are available: 
AND (if all input bits change to the active level, an interrupt is 
triggered), and OR (if any one of the input bits changes to the 
active level, an interrupt is triggered). Bit D5 sets the logic 
function, as shown in Figure 9. The active level of the input 
bits can be set either High or Low. The active level is 
controlled by Bit D5. 

Mask Control Word. This word sets the mask control 
register, allowing any unused bits to be masked off. If any bits 
are to be masked, then D4 must be set. When D4 is set, the 
next word written to the port must be a mask control word 
(Figure 10). 

Interrupt Disable Word. This control word can be used to 
enable or disable a port interrupt. It can be used without 
changing the rest of the interrupt control word (Figure 11). 
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'NOTE: 

1 . Regardless of the operating mode, setting Bit D4 = 1 
causes any pending interrupts to be cleared. 

2. The port interrupt is not enabled until thejnterrupt 
function enable Is followed by an active M1 . 



Figure 6. Mode Control Word 



Figure 9. Interrupt Control Word 
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Figure 7. Interrupt Vector Word 



Figure 10. Mask Control Word 
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Figure 1 1 . Interrupt Disable Word 
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PIN DESCRIPTION 



PA0-PA7. Port A Bus (bidirectional, 3-state). This 8-bit bus 
transfers data, status, or control information between Port A 
of the PIO and a peripheral device. PAq is the least 
significant bit of the Port A data bus. 

ARDY. Register A Ready (output, active High). The 
meaning of this signal depends on the mode of operation 
selected for Port A as follows: 

Output Mode. This signal goes active to indicate that the 
Port A output register has been loaded and the peripheral 
data bus is stable and ready for transfer to the peripheral 
device. 

Input Mode. This signal is active when the Port A input 
register is empty and ready to accept data from the 
peripheral device. 

Bidirectional Mode. This signal is active when data is 
available in the Port A output register for transfer to the 
peripheral device. In thi s mo de, data is not placed on the 
Port A data bus, unless ASTB is active. 

Control Mode. This signal is disabled and forced to a Low 
state. 



ASTB. Port A Strobe Pulse From Peripheral Device (input, 
active Low). The meaning of this signal depends on the 
mode of operation selected for Port A as follows: 

Output Mode. The positive edge of this strobe is issued by 
the peripheral to acknowledge the receipt of data made 
available by the PIO. 

Input Mode. The strobe is issued by the peripheral to load 
data from the peripheral into the Port A input register. Data is 
loaded into the PIO when this signal is active. 

Bidirectional Mode. When this signal is active, data from 
the Port A output register is gated onto the Port A 
bidirectional data bus. The positive edge of the strobe 
acknowledges the receipt of the data. 

Control Mode. The strobe is inhibited internally. 

PB0-PB7. Port B Bus (bidirectional, 3-state). This 8-bit bus 
transfers data, status, or control information between Port B 
and a peripheral device. The Port B data bus can supply 1 .5 
mA at 1 .5V to drive Darlington transistors. PBq is the least 
significant bit of the bus. 

B/A. Port BorA Select (input, High = B). This pin defines 
which port is accessed during a data transfer between the 
CPU and the PIO. A Low on this pin selects Port A; a High 
selects Port B. Often address bit Ao from the CPU is used for 
this selection function. 

BRDY. Register B Ready (output, active High). This signal is 
similar to ARDY, except that in the Port A bidirectional mode 
this signal .is High when the Port A input register is empty 
and ready to accept data from the peripheral device. 



BSTB. Port B Strobe Pulse From P eriph eral Device (input, 
active Low). This signal is similar to ASTB, except that in the 
Port A bidirectional mode this signal strobes data from the 
peripheral device into the Port A input register. 

C/D. Control or Data Select (input, High = C). This pin 
defines the type of data transfer to be performed between 
the CPU and the PIO. A High on this pin during a CPU write 
to the PIO causes the Z80 data bus to be interpreted as a 
command for the port selected by the B/A Select line. A Low 
on this pin means that the Z80 data bus is being used to 
transfer data between the CPU and the PIO. Often address 
bit A1 from the CPU is used for this function. 

CE. Chip Enable (input, active Low). A Low on this pin 
enables the PIO to accept command or data inputs from the 
CPU during a write cycle or to transmit data to the CPU 
during a read cycle. This signal is generally decoded from 
four I/O port numbers for Ports A and B, data, and control. 

CLK. System Clock (input). The Z80 PIO uses the standard 
single-phase Z80 system clock. 

D -D 7 . Z80 CPU Data Bus (bidirectional, 3-state). This bus is 
used to transfer all data and commands between the Z80 
CPU and the Z80 PIO. D is the least significant bit. 

IEI. Interrupt Enable In (input, active High). This signal is 
used to form a priority-interrupt daisy chain when more than 
one interrupt driven device is being used. A High level on 
this pin indicates that no other devices of higher priority are 
being serviced by a CPU interrupt service routine. 

IEO. Interrupt Enable Out (output, active High). The IEO 
signal is the other signal required to form a daisy chain 
priority scheme. It is High only if IEI is High and the CPU is 
not servicing an interrupt. from this PIO. Thus this signal 
blocks lower priority devices from interrupting while a higher 
priority device is being serviced by its CPU interrupt service 
routine. 

INT. Interrupt Request (output, open drain, active Low). 
When INT is active the Z80 PIO is requesting an interrupt 
from the Z80 CPU. 



IORQ . Inpu t/Output Request (input from Z80 CPUactive 
Low ). IORQ is used in conjunction with B/A, C/D, CE, and 
RD to transfer commands and data b etwee n the Z80 CPU 
and the Z80 PIO. Whe_n CE, RD, and IORQ are active, the 
port addressed by B/A transfers data to the CPU (a read 
operation). Conversely, when CE and IORQ are active but 
RD is not, the port addressed by B/A is written into from the 
CPU with eit her dat a or control information, as specified by 
C/D. Also, if IORQ and M1 are active simultaneously, the 
CPU is acknowledging an interrupt; the interrupting port 
automatically places its interrupt vector on the CPU data bus 
if it is the highest priority device requesting an interrupt. 
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M1 . Machine Cycle (input from CPU, active Low). This signal 
is used as a sync pulse to control several internal PIO 
operations. When both the M1 and RD signals are active, 
the Z80 CPU is fetching an instru ction from memory. 
Conversely, when both M1 and IORQ are active, the CPU is 
acknowledging an interrupt. In addition, M1 has two other 
functions within the Z80 PIO: it synchronizes the PIO 



interrupt logic; when M1 occurs without an active RD or 
IORQ signal, the PIO is reset. 

RD. Read Cycle Status (input from Z80 CPU, active Low). If 
RD is active^orjn I/O operat ion is in progress, RD is used 
with B/A, C/D, CE, and IORQ to transfer data from the Z80 
PIO to the Z80 CPU. 



TIMING 



The following timing diagrams show typical timing in a Z80 
CPU environment. For more precise specifications refer to 
the composite ac timing diagram. 

Write Cycle. Figure 12 illustrates the timing for 
programming the Z80 PIO or for writing data to one of its 
ports. The PIO does not receive a specific write signal; it 
internally generates its own from the lack of an active RD 
signal. 

Read Cycle. Figure 13 illustrates the timing for reading the 
data input from an external device to one of the Z80 PIO 
ports. 



Output Mode (Mode 0). An output cycle (Figure 14) is 
always started by the execution of an output instruction by 
the CPU. The WR * pulse from the CPU latches the data from 
the CPU data bus into the selected port's output register. The 
WR* pulse sets the Ready flag after a Low-going edge of 
CLK, indicating data is available. Ready stays active until the 
positive edge of the strobe line is received, indicating that 
data was taken by the peripheral. The positive edge of the 
strobe pulse generates an INT if the interrupt enable flip-flop 
has been set and if this device has the highest priority. 
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input Mode (Mode 1). When STROBE goes from Low to 
High, data is latc hed into the selected port input register 
(Figure 1 5). While STROBE is Low, t he input d ata latches are 
transparent. The next rising edge of STROBE activates INT, if 
Interrupt Enable is set and this is the highest-priority 
requesting device. The following falling edge of CLK resets 
Ready to an inactive state, indicating that the input register is 
full and cannot accept any more data until the CPU 
completes a read. When a read is complete, the positive 
edge of RD sets Ready at the next Low-going transition of 
CLK. At this time new data can be loaded into the PIO. 



Bidirectional Mode (Mode 2). This is a combination of 
Modes and 1 using all four handshake lines and the eight 
Port A I/O lines (Figure 16). Port B must be set to the bit 
mode and its inputs must be masked. The Port A handshake 
lines are used for output control and the Port B lines are 
used for input control. If interrupts occur, Port A's vector will 
be used during port output and Port B's will be used during 
port in put. Data is allowed out onto the Port A bus only when 
ASTB is Low. The rising edge of this strobe can be used to 
latch the data into the peripheral. 




*RD = RD • CE • iORQ* • Ml 



Figure 15. Mode 1 1nput Timing 




*WR = RD • CE • IORQ • M1 



Figure 16. Mode 2 Bidirectional Timing 
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Bit Control Mode (Mode 3). The bit mode does not utilize 
the handshake signals, and a normal port write or port read 
can be executed at any time. When writing, the data is 
latched into the output registers with the same timing as the 
output mode. 

When reading (Figure 17) the PIO, the data returned to the 
CPU is composed of output register data from those port 
data lines assigned as outputs and input register data from 
those port data lines assigned as inputs. The input register 
contains data that was present immediately prior to the 
falling edge of RD. An interrupt is generated if interrupts 
from the port are enabled and the data on the port data lines 
satisfy the logical equation defined by the 8-bit mask and 
2-bit mask control registers. However, if Port A is 
programmed in bidirectional mode, Port B does not issue an 
interrupt in bit mode and must therefore be polled. 

Interrupt Acknowledge Timing. During Ml time, 
peripheral controllers are inhibited from changing their 
interrupt enable status, permitting the Interrupt Enable 
signal to ripple through the daisy chain . The pe ripheral with 
IEI High and IEO Low during INTACK places a 
preprogrammed 8-bit interrupt vector on the data bus at this 
time (Figure 18). IEO is held Low until a Return From 



Interrupt (RETI) instruction is executed by the CPU while IEI 
is High. The 2-byte RETI instruction is decoded internally by 
the PIO for this purpose. 

Return From Interrupt Cycle. If a Z80 peripheral has no 
interrupt pending and is not under service, then its IEO = 
IEI. If it has an interrupt under service (i.e., it has already 
interrupted and received an interrupt acknowledge) then its 
IEO is always Low, inhibiting lower priority devices from 
interrupting. If it has an interrupt pending which has not yet 
been acknowledged, IEO is Low unless an "ED" is decoded 
as the first byte of a 2-byte opcode (Figure 1 9). In this case, 
IEO goes High until the next opcode byte is decoded, 
whereupon it goes Low again. If the second byte of the 
opcode was a "4D," then the opcode was an RETI 
instruction. 

After an "ED" opcode is decoded, only the peripheral 
device which has interrupted and is currently under service 
has its IEI High and its IEO Low. This device is the 
highest-priority device in the daisy chain that has received 
an interrupt acknowledge. All other peripherals have IEI = 
IEO. If the next opcode byte decoded is "4D," this peripheral 
device resets its "interrupt under service" condition. 
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AC TIMING DIAGRAM 
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AC CHARACTERISTICSt 



Number Symbol 



Parameter 



Z-80PIO* Z-80APIO* Z-80BPIO* 

Min Max Min Max Min Max Notes 



1 TcC 

2 TwCh 

3 TwC1 

4 TfC 

5 TrC 



Clock Cycle Time 
Clock Width (High) 
Clock Width (Low) 
Clock Fall Time 
Clock Rise Time 



400 [1] 250 [1] 165 [1] 

170 2000 105 2000 65 2000 

170 2000 105 2000 65 2000 

30 30 20 

30 30 20 



6 TsCS(RI) CE, B/A, C/D to RD, IORQ I Setup Time 

7 Th Any Hold Times for Specified Setup Time 

8 TsRI(C) RD, IORQ to Clock t Setup Time- 

9 TdRI(DO) RD.iORCH to Data Out Delay 

1 TdRI(DOs) RD, IORQ t to Data Out Float Delay 



50 




50 




50 






[6] 


























115 




115 




70 












430 




380 




300 




[2] 


M 

00 




160 




110 




70 






o 

M 

o 


50 




50 




40 




CL 


= 50 pf 




340 




160 




120 




[3] 




210 




90 




70 













300 





190 





100 




[8] 
[5,7] 





11 TsDI(C) Data In to Clock t Setup Time 

1 2 TdlO(DOI) iORQ I to Data Out Delay (INTACK Cycle) 

13 TsM1(Cr) Ml I to Clock t Setup Time 

14 TsM1(Cf) Ml t to Clock 4 Setup Time (Ml Cycle) 

1 5 TdM1 (IEO) Ml I to IEO I Delay (Interrupt Immediately 

Preceding Ml I) 



1 6 TslEI(IO) IEI to IORQ 4 Setup Time (INTACK Cycle) 

17 TdlEI(IEOf) IEU to IEO 4 Delay 

18 TdlEI(IEOr) IEI t to IEO t Delay (after ED Decode) 

1 9 TclO(C) IORQ t to Clock I Setu p Time (To Activate 

READY on Next Clock Cycle) 

20 TdC(RDYr) Clock I to READY t Delay 



140 140 100 [7] 

190 130 120 [5] 

CL = 50 pf 
210 160 150 [5] 



220 200 170 

200 190 170 



[5] 
CL = 50 pf 



Clock \ to READY i Delay 



STROBE Pulse Width 



21 TdC(RDYf) 

22 TwSTB 

23 TsSTB(C) 

24 TdlO(PD) 

25 TsPD(STB) PORT DATA to STROBE t Setup Time (Mode 1 ) 260 



STROBE t to Clock I Setup Time (To Activate 

READY on Next Clock Cycle) 
IORQ t to PORT DATA Stable Delay (Mode 0) 



150 



220 



150 



200 



150 



220 



230 



140 



180 



120 



150 



190 



120 



160 



[5] 
[4] 

[5] 
[5] 



26 TdSTB(PD) STROBE I to PORT DATA Stable (Mode 2) 

27 TdSTB(PDr) STROBE t to PORT DATA Float Delay (Mode 2) 

28 TdPD(INT) PORT DATA Match to IRT 4- Delay (Mode 3) 



29 TdSTB(INT) STROBE t to INT \ Delay 



230 
200 
540 
490 



210 
180 
490 
440 



180 [5] 

160 CL = 50pf 
430 
350 



NOTES- 

[1] TcC = TwCh + TwCI + TrC + TfC. 

[2] Increase TdRI(DO) by 10 ns for each 50 pf increase in load up to 

200 pf max. 
[3] Increase TdlO(DOI) by 10 ns for each 50 pf, increase in loading up to 

200 pf max 
[4] For Mode 2: TwSTB > TsPD(STB). 



[5] Increase these values by 2 ns for each 10 pf increase in loading up to 

100pfmax. 
[6] TsCS(RI) may be reduced However, the time subtracted from TsCS(RI) 

_willbeaddedtoTdRI(DO) 
* M1 must be active for a minimum of two clock cycles to reset the PIO 
t Units in nanoseconds (ns) 
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ABSOLUTE MAXIMUM RATINGS 



Voltages on all pins with respect 

toGND -0.3V to + 7V 

Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°Cto +150°C 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above those indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability 



STANDARD TEST CONDITIONS 



The DC characteristics and capacitance sections listed 
below apply for the following standard test conditions, 
unless otherwise noted. All voltages are referenced to GND 
(0V). Positive current flows into the referenced pin. 

Available operating temperature ranges are: 

■ S = 0°Cto +70°C, + 4.75V <V C c< + 5.25V 

■ E = -40°Cto + 85°C, + 4.75V <V CC < + 5.25V 

■ M = -55°Cto + 125°C, + 4.5V<V CC < +5.5V 

The Ordering Information section lists package temperature 
ranges and product numbers. Package drawings are in the 
Package Information section. Refer to the Literature List for 
additional documentation. 



All ac parameters assume a load capacitance of 1 00 pf max. 



FROM OUTPUT . 
UNDER TEST V 



100 pf ^ 




DC CHARACTERISTICS 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


V|LC 


Clock Input Low Voltage 


-0.3 


+ 0.45 


V 




V|HC 


Clock Input High Voltage 


Vcc-0.6 


Vcc + 0.3 


V 




V|L 


Input Low Voltage 


-0.3 


+ 0.8 


V 




V|H 


Input High Voltage 


+ 2.0 


Vcc 


V 




Vol 


Output Low Voltage 




+ 0.4 


V 


lOL = 2.0 mA 


Voh 


Output High Voltage 


+ 2.4 




V 


lOH = -250juA 


Ili 


Input Leakage Current 




±10 


ma 


V| N = to V C c 


"lo 


3-State Output Leakage Current in Float 




±10 


ma 


V O UT = 0.4VtoV CC 


ice 


Power Supply Current 




100 


mA 




'OHD 


Darlington Drive Current 
Port B Only 


-1.5 




mA 


V H = 1-5V 

Rext = 390 q 


Over specified temperature and voltage range. 



CAPACITANCE 



Symbol 



Parameter 



Min 



Max 



Unit 



c 


Clock Capacitance 


C|N 


Input Capacitance 


COUT 


Output Capacitance 



Over specified temperature range; f = 1 MHz. 
Unmeasured pins returned to ground. 



10 


pf 


5 


Pf 


15 


Pf 
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ORDERING INFORMATION 

Z80 PIO, 2.5 MHz Z80B PIO, 6.0 MHz 

40-pin DIP 44-pin LCC 40-pin DIP 

Z8420 PS Z8420 LM * Z8420B PS 

Z8420 CS Z8420 LMB*t Z8420B CS 

Z8420 PE 

Z8420 CE 

Z8420CM* 

Z8420CMB* 

Z80A PIO, 4.5 MHz 
40-pin DIP 44-pin LCC 

Z8420APS Z8420ALM* 

Z8420ACS Z8420A LMB*t 

Z8420A PE H 

Z8420ACE © 

Z8420ACM* ig 



Z8420ACMB* 

Codes 

First letter is for package; second letter is for temperature. 

C = Ceramic DIP R Protopack 

P = Plastic DIP T = Low Profile Protopack 

L = Ceramic LCC DIP = Dual-ln-Line Package 

V = Plastic PCC LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 

TEMPERATURE FLOW 

S = 0°C to + 70°C B = 883 Class B 

E = -40°Cto+85°C 

M*= -55°Cto+125°C 

Example: PS is a plastic DIP, 0°C to + 70°C. 

f Available soon. 

*For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 
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Z8430 

Z80CTC 

Counter/Timer Circuit 



Zilog 



Product 
Specification 



April 1985 



FEATURES 

■ Four independently programmable counter/timer 
channels, each with a readable downcounter and a 
selectable 16 or 256 prescaler. Downcounters are 
reloaded automatically at zero count. 

■ Selectable positive or negative trigger initiates timer 
operation. 

■ Three channels have Zero Count/Timeout outputs 
capable of driving Darlington transistors. 



Interfaces directly to the Z80 CPU or— for baud rate 
generation— to the Z80 SIO. 

Standard Z80 Family daisy-chain interrupt structure 
provides fully vectored, prioritized interrupts without 
external logic. The CTC may also be used as an interrupt 
controller. 






GENERAL DESCRIPTION 



The Z80 CTC four-channel counter/timer can be 
programmed by system software for a broad range of 
counting and timing applications. The four independently 
programmable channels of the Z80 CTC satisfy common 
microcomputer system requirements for event counting, 
interrupt and interval timing, and general clock rate 
generation. 



System design is simplified because the CTC connects 
directly to both the Z80 CPU and the Z80 SIO with no 
additional logic. In larger systems, address decoders and 
buffers may be required. 

Programming the CTC is straightforward: each channel is 
programmed with two bytes; a third is necessary when 



CPU 

DATA < 

BUS 



CTC 

CONTROL 

FROM 

CPU 



DAISY 

CHAIN 

INTERRUPT 

CONTROL 



Do 
Di 
D 2 
D 3 
D 4 
D 5 
De 
07_ 
Cl 

cs 

CSi 

Mi 

fORQ 
RD 
I El 
IEO 
INT 



CLK/TRGo 
ZC/TOo 



CLK/TRQ! 
ZC/TOi 



CLK/TRQ2 
ZC/TO2 



CLK/TRG3 



Z80 CTC 
Z80A CTC 



t t t 

CLK +5V GND 



CHANNEL 
SIGNALS 









KJ 








D 4 


u 


1 




28 


J 


D 3 


D 5 


c 


2 




27 


□ 


D 2 


D 6 




3 




26 


3 


D1 


D 7 


c 


4 




25 


3 


Do 


GND 


c 


5 




24 


3 


+ 5V 


RD 


q 


6 




23 


3 


CLK/TRGo 


ZC/TOo 


q 




Z80 CTC 


22 


3 


CLK/TRG1 


ZC/TCh 


L 


8 


Z80A CTC 


21 


J 


CLK/TRG2 


ZC/TO2 


q 


9 




20 


3 


CLK/TRG3 


iORQ 


q 


10 




19 


3 


CS1 


IEO 


c 


11 




18 


3 


CSo 


INT 


c 


12 




17 


3 


RESET 


IEI 


c 


13 




16 


3 


CE 


Ml 


c 


14 




15 


3 


CLK 



Figure 1 . Pin Functions 



Figure 2a. 40-pin Dual-ln-Line Package (DIP), 
Pin Assignments 
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interrupts are enabled. Once started, the CTC counts down, 
automatically reloads its time constant, and resumes 
counting. Software timing loops are completely eliminated. 
Interrupt processing is simplified because only one vector 
need be specified; the CTC internally generates a unique 
vector for each channel. 

The Z80 CTC requires a single + 5V power supply and the 
standard Z80 single-phase system clock. It is fabricated with 
n-channel silicon-gate depletion-load technology, and 
packaged in a 28-pin and a 44-pin chip carrier DIP. (Figures 
2a and 2b) 
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Figure 2b. 44-pin Chip Carrier, Pin Assignments 



FUNCTIONAL DESCRIPTION 



The Z80 CTC has four independent counter/timer channels. 
Each channel is individually programmed with two words: a 
control word and a time-constant word. The control word 
selects the operating mode (counter or timer), enables or 
disables the channel interrupt, and selects certain other 
operating parameters. If the timing mode is selected, the 
control word also sets a prescaler, which divides the system 
clock by either 1 6 or 256. The time-constant word is a value 
from 1 to 256. 

During operation, the individual counter channel counts 
down from the preset time constant value. In counter mode 
operation the counter decrements on each of the CLK/TRG 
input pulses until zero count is reached. Each decrement is 
synchronized by the system clock. For counts greater than 
256, more than one counter can be cascaded. At zero 
count, the down-counter is automatically reset with the time 
constant value. 

The timer mode determines time intervals as small as 4'pis 
(Z80A) or 6.4 ps (Z80) without additional logic or software 
timing loops. Time intervals are generated by dividing the 
system clock with a prescaler that decrements a preset 
down-counter. 



Thus, the time interval is an integral multiple of the clock 
period, the prescaler value (16 or 256), and the time 
constant that is preset in the down-counter. A timer is 
triggered automatically when its time constant value is 
programmed, or by an external CLK/TRG input. 

Three channels have two outputs that occur at zero count. 
The first output is a zero-count/timeout pulse at the ZC/TO 
output. The fourth channel (Channel 3) does not have a 
ZC/TO output; interrupt request is the only output available 
from Channel 3. 

The second output is Interrupt Request (INT), which occurs 
ifthe channel has its interrupt enabled during programming. 
When the Z80 CPU acknowledges Interrupt Request, the 
Z80 CTC places an interrupt vector on the data bus. 

The four channels of the Z80 CTC are fully prioritized and fit 
into four contiguous slots in a standard Z80 daisy-chain 
interrupt structure. Channel is the highest priority and 
Channel 3 the lowest. Interrupts can be individually enabled 
(or disabled) for each of the four channels. 



ARCHITECTURE 



The CTC has four major elements, as shown in Figure 3. 

■ CPU bus I/O 

■ Channel control logic 

■ Interrupt logic 

■ Counter/timer circuits 

CPU Bus I/O. The CPU bus I/O circuit decodes the address 
inputs, and interfaces the CPU data and control signals to 
the CTC for distribution on the internal bus. 



Internal Control Logic. The CTC internal control logic 
controls overall chip operating functions such as the chip 
enable, reset, and read/write logic. 

Interrupt Logic. The interrupt control logic ensures that the 
CTC interrupts interface properly with the Z80 CPU interrupt 
system. The logic controls the interrupt priority of the CTC as 
a function of the IEI signal. If IEI is High, the CTC has priority. 
During interrupt processing, the interrupt logic holds IEO 
Low, which inhibits the interrupt operation on lower priority 
devices. If the IEI input goes Low, priority is relinquished 
and the interrupt logic drives IEO Low. 
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Figure 3. Functional Block Diagram 
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If a channel is programmed to request an interrupt, the 
interrupt logic drives IEO Low at the zero count, and 
generates an INT signal to the Z80 CPUWhen t heZ80 CPU 
responds with interrupt acknowledge (M1 and IORQ), then 
the interrupt logic arbitrates the CTC internal priorities, and 
the interrupt control logic places a unique interrupt vector on 
the data bus. 

If an interrupt is pending, the interrupt logic holds IEO Low. 
When the Z80 CPU issues a Return From Interrupt (RETI) 
instruction, each peripheral device decodes the first byte 
(ED-ie). If the device has a pending interrupt, it raises IEO 
(High) for one M1 cycle. This ensures that all lower priority 
devices can decode the entire RETI, instruction and reset 
properly. 
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Figure 4. Counter/Timer Block Diagram 



Counter/Timer Circuits. The CTC has four independent 
counter/timer circuits, each containing the logic shown in 
Figure 4. 

Channel Control Logic. The channel control logic 
receives the 8-bit channel control word when the 
counter/timer channel is programmed. The channel control 
logic decodes the control word and sets the following 
operating conditions: 

■ Interrupt enable (or disable) 

■ Operating mode (timer or counter) 

■ Timer mode prescaler factor (1 6 or 256) 

■ Active slope for CLK/TRG input 

■ Timer mode trigger (automatic or CLK/TRG input) 

■ Time constant data word to follow 

■ Software reset 

Time Constant Register. When the counter/timer channel 
is programmed, the time constant register receives and 
stores an 8-bit time constant value, which can be anywhere 
from 1 to 256 (0 = 256). This constant is automatically 
loaded into the down-counter when the counter/timer 
channel is initialized, and subsequently after each zero 
count. 

Prescaler. The prescaler, which is used only in timer mode, 
divides the system clock frequency by a factor of either 1 6 or 
256. The prescaler output clocks the down-counter during 
timer operation. The effect of the prescaler on the 
down-counter is a multiplication of the system clock period 
by 1 6 or 256. The prescaler factor is programmed by bit 5 of 
the channel control word. 



2041-004,005 



207 



Down-Counter. Prior to each count cycle, the 
down-counter is loaded with the time constant register 
contents. The counter is then decremented one of two ways, 
depending on operating mode: 

■ By the prescaler output (timer mode) 

■ By the trigger pulses into the CLK/TRG input (counter 
mode) 



Without disturbing the down-count, the Z80 CPU can read 
the count remaining at any time by performing an I/O read 
operation at the port address assigned to the CTC channel. 
When the down-counter reaches the zero count, the ZC/TO 
output generates a positive-going pulse. When the interrupt 
is enabled, zero count also triggers an interrupt request 
signal (INT) from the interrupt logic. 



PROGRAMMING 

Each Z80 CTC channel must be programmed prior to 
operation. Programming consists of writing two words to the 
I/O port that corresponds to the desired channel. The first 
word is a control word that selects the operating mode and 
other parameters; the second word is a time constant, which 
is a binary data word with a value from 1 to 256. A time 
constant word must be preceded by a channel control word. 

After initialization, channels may be reprogrammed at any 
time. If updated control and time constant words are written 
to a channel during the count operation, the count 
continues to zero before the new time constant is loaded into 
the counter. 

If the interrupt on any Z80 CTC channel is enabled, the 
programming procedure should also include an interrupt 
vector. Only one vector is required for all four channels, 
because the interrupt logic automatically modifies the vector 
for the channel requesting service. 

A control word is identified by a 1 in bit 0. A 1 in bit 2 indicates 
a time constant word is to follow. Interrupt vectors are always 
addressed to Channel 0, and identified by a in bit 0. 

Addressing. During programming, channels are 
addressed with the channel select pins CSi and CS2. A 2-bit 
binary code selects the appropriate channel as shown in the 
following table. 



Channel 



CSi 



CS 












1 


1 





1 


1 



Reset. The CTC has both hardware and software resets. 
The hardware reset terminates all down-counts and disables 
all CTC interrupts by resetting the interrupt bits in the control 
registers. In addition, the ZC/TO and Interrupt outputs go 
inactive, IEO reflects IEI, and D0-D7 go to the 
high-impedance state. All channels must be completely 
reprogrammed after a hardware reset. 

The software reset is controlled by bit 1 in the channel 
control word. When a channel receives a software reset, it 
stops counting. When a software reset is used, the other bits 
in the control word also change the contents of the channel 
control register. After a software reset a new time constant 
word must be written to the same channel. 

If the channel control word has both bits D-| and D2 set to 1 , 
the addressed channel stops operating, pending a new time 
constant word. The channel is ready to resume after the new 
constant is programmed. In timer mode, if D3 = 0, 
operation is triggered automatically when the time constant 
word is loaded. 

Channel Control Word Programming. The channel 
control word is shown in Figure 5. It sets the modes and 
parameters described below. 

Interrupt Enable. D7 enables the interrupt, so that an 
interrupt output (INT) is generated at zero count. Interrupts 
may be programmed in either mode and may be enabled or 
disabled at any time. 

Mode. Dq selects either timer or counter operating mode. 

Prescaler Factor. (Timer Mode Only). D5 selects 
factor— either 16 or 256. 



INTERRUPT 

1 ENABLES INTERRUPT 
DISABLES INTERRUPT 

MODE 

SELECTS TIMER MODE 
1 SELECTS COUNTER MODE 

PRESCALER VALUE* 

1 = VALUE OF 256 
= VALUE OF 16 

CLK/TRG EDGE SELECTION 

SELECTS FALLING EDGE 

1 SELECTS RISING EDGE 



| D 7 | D 6 | D 5 | D 4 I D 3 | D 2 | D, | d7| 

J 



CONTROL OR VECTOR 

= VECTOR 

1 = CONTROL WORD 

RESET 

= CONTINUED OPERATION 

1 = SOFTWARE RESET 

TIME CONSTANT 

= NO TIME CONSTANT FOLLOWS 

1 = TIME CONSTANT FOLLOWS 

TIMER TRIGGER* 

= AUTOMATIC TRIGGER WHEN 

TIME CONSTANT IS LOADED 

1 = CLK/TRG PULSE STARTS TIMER 

*TIMER MODE ONLY 



Figure 5. Channel Control Word 
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Clock/Trigger Edge Selector. D 4 selects the active edge or 
slope of the CLK/TRG input pulses. Note that 
reprogramming the CLK/TRG slope during operation is 
equivalent to issuing an active edge. If the trigger slope is 
changed by a control word update while a channel is 
pending operation in timer mode, the result is the same as a 
CLK/TRG pulse and the timer starts. Similarly, if the channel 
is in counter mode, the counter decrements. 

Timer Trigger (Timer Mode Only). D3 selects the trigger 
mode for timer operation. When D3 is reset to 0, the timer is 
triggered automatically. The time constant word is 
programmed during an I/O write operation, which takes one 
machine cycle. At the end of the write operation there is a 
setup delay of one clock period. The timer starts 
automatically (decrements) on the rising edge of the second 
clock pulse (T 2 ) of the machine cycle following the write 
operation. Once started, the timer runs continuously. At zero 
count the timer reloads automatically and continues 
counting without interruption or delay, until stopped by a 
reset. 

When D3 is set to 1 , the timer is triggered externally through 
the CLK/TRG input. The time constant word is programmed 
during an I/O write operation, which takes one machine 
cycle. The timer is ready for operation on the rising edge of 
the second clock pulse (T2) of the following machine cycle. 
Note that the first timer decrement follows the active edge of 
the CLK/TRG pulse by a delay time of one clock cycle if a 
minimum setup time to the rising edge of clock is met. If this 
minimum is not met, the delay is extended by another clock 
period. Consequently, for immediate triggering, the 
CLK/TRG input must precede T2 by one clock cycle plus its 
minimum setup time. If the minimum time is not met, the 
timer will start on the third clock cycle (T3). 

Once started the timer operates continuously, without 
interruption or delay, until stopped by a reset. 

Time Constant. A 1 in D2 indicates that the next word 
addressed to the selected channel is a time constant data 
word for the time constant register. The time constant word 
may be written at any time. 

A in D2 indicates no time constant word is to follow. This is 
ordinarily used when the channel is already in operation and 
the new channel control word is an update. A channel will 



| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | D | 


TC7 -J 












L TC 


TC 6 ' 












I TC1 


rrt 








TC 








2 


TC 4 ' 




I TC3 



not operate without a time constant value. The only way to 
write a time constant value is to write a control word with D2 
set. 

Software Reset. Setting D1 to 1 causes a software reset, 
which is described in the Reset section. 

Control Word. Setting D to identifies the word as a control 
word. 

Time Constant Programming. Before a channel can start 
counting it must receive a time constant word from the CPU. 
During programming or reprogramming, a channel control 
word in which bit 2 is set must precede the time constant 
word to indicate that the next word is a time constant. The 
time constant word can be any value from 1 to 256 (Figure 
6). Note that 00 16 is interpreted as 256. 

In timer mode, the time interval is controlled by three factors: 

■ The system clock period (<|>) 



V7-V3 

SUPPLIED 
BY USER 



| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 


D^Dol 




L 



= INTERRUPT VECTOR WORD 

1 = CONTROL WORD 

CHANNEL IDENTIFIER 
(AUTOMATICALLY INSERTED 
BY CTC) 
= CHANNEL 

1 = CHANNEL 1 

1 = CHANNEL 2 
1 1 = CHANNEL 3 



c* 



■ The prescaler factor (P), which multiplies the interval by © 
either 16 or 256 ft 

■ The time constant (T), which is programmed into the time <5 
constant register 

Consequently, the time interval is the product of <|>xPxT 
The minimum timer resolution is 16x<|> (4/^is with a 4MHz 
clock). The maximum timer interval is 256x<|>x256 (16.4 
ms with a 4MHz clock). For longer intervals timers may be 
cascaded. 

Interrupt Vector Programming. If the Z80 CTC has one or 

more interrupts enabled, it can supply interrupt vectors to 
the Z80 CPU. To do so, the Z80 CTC must be 
pre-programmed with the most-significant five bits of the 
interrupt vector. Programming consists of writing a vector 
word to the I/O port corresponding to the Z80 CTC Channel 
0. Note that D of the vector word is always zero, to 
distinguish the vector from a channel control word. D-| and 
D2 are not used in programming the vector word. These bits 
are supplied by the interrupt logic to identify the channel 
requesting interrupt service with a unique interrupt vector 
(Figure 7). Channel has the highest priority. 



Figure 6. Time Constant Word 



Figure 7. Interrupt Vector Word 



2041-007,008 
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PIN DESCRIPTION 



CE. Chip Enable (input, active Low). When enabled the CTC 
accepts control words, interrupt vectors, or time constant 
data words from the data bus during an I/O write cycle; or 
transmits the contents of the downcounter to the CPU during 
an I/O read cycle. In most applications this signal is 
decoded from the eight least significant bits of the address 
bus for any of the four I/O port addresses that are mapped to 
the four counter-timer channels. 

CLK. System Clock (input). Standard single- phase Z80 
system clock. 

CLK/TRG0-CLK/TRG3. External Clock/Timer Trigger 
(input, user-selectable active High or Low). Four pins 
corresponding to the four Z80 CTC channels. In counter 
mode, every active edge on this pin decrements the 
downcounter. In timer mode, an active edge starts the timer. 

CSq-CS-). Channel Select (inputs active High). Two-bit 
binary address code selects one of the four CTC channels 
for an I/O write or read (usually connected to A and A-|). 




D0-D7. System Data Bus (bidirectional, 3-state). Transfers all 
data and commands between the Z80 CPU and the Z80 
CTC. 

IEI. Interrupt Enable In (input, active High). A High indicates 
that no other interrupting devices of higher priority in the 
daisy chain are being serviced by the Z80 CPU. 

IEO. Interrupt Enable Out (output, active High). High only if 
IEI is High and the Z80 CPU is not servicing an interrupt 
from any Z80 CTC channel. IEO blocks lower priority 
devices from interrupting while a higher priority interrupting 
device is being serviced. 

INT. Interrupt Request (output, open drain, active Low). Low 
when any Z80 CTC channel that has been programmed to 
enable interrupts as a zero-count condition in its 
downcounter. 



IORQ. Input/Output Request (input from CPU, active Low). 
Used with CE and RD to transfer data and channel control 
words betw een th e Z80CPU and the Z80CTC. During a 
write cycle, IORQ and CE are active and RD inactive. The 
Z80 CTC does not receive a specific write signal; rather, it 
internally generates is o wn fro m the inverse of an active RD 
signal. In a read cycle, IORQ, CE, and RD are active; the 
conte nts of the downcounter are read by the Z80 CPU. If 
IORQ and M1 are both true, the CPU is acknowledging an 
interrupt request, and the highest priority interrupting 
channel places its interrupt vector on the Z80 data bus. 

M1. Machine Cy cle On e (input from CPU, active Low). 
When M1 and IORQ are active, the Z80 CPU is 
acknowledging an interrupt. The Z80 CTC then places an 
interupt vector on the data bus if it has highest priority, and if 
a channel has requested an interrupt (INT). 

RD. Read Cyc le Sta tus (input, active Low). Used in 
conjunction with IORQ and CE to transfer data and channel 
control words between the Z80 CPU and the Z80 CTC. 



RESET. Reset (input active Low). Terminates all 
down-counts and disables all interrupts by resetting the 
interrupt bits in all control registers; the ZC/TO and the 
interrupt outputs go inactive; IEO reflects IEI; D0-D7 go to the 
high-impedance state. 

ZC/TO0-ZC/TO2. Zero Count/Timeout (output, active 
High). Three ZC/TO pins corresponding to Z80 CTC 
channels 2 through (Channel 3 has no ZC/TO pin). In both 
counter and timer modes the output is an active High pulse 
when the downcounter decrements to zero. 



Figure 8. A Typical Z80 Environment 
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TIMING 



Read Cycle Timing. Figure 9 shows read cycle timing. This 
cycle reads the contents of a down-counter without 
disturbing the count. During clock cycle T2, the Z80 CPU 
initiate s a read cycle by driving the following inputs Low: RD, 
IORQ, and CE. A 2-bit binary code atjnputs CS<| and CS 
selects the channel to be read. M1 must be High to 
distinguish this cycle from an interrupt acknowledge. 

T1 T2 Twa T3 T1 



CSo, CSi.CE 



X 



CHANNEL ADDRESS 



\. 



f 



\. 



y 



■ < 0UT > - 



Figure 9. Read Cycle Timing 

Write Cycle Timing. Figure 1 shows write cycle timing for 
loading control, time constant, or vector words. 

The CTC does not have a write signal input, so it generates 
one intern ally w hen the read (RD) input is High during T-|. 
During T2 IORQ and CE inputs are Low. M1 must be High to 
distinguish a write cycle from an interrupt acknowledge. A 
2-bit binary code at inputs CS1 and CSo selects the channel 
to be addressed, and the word being written is placed on the 
Z80 data bus. The data word is latched into the appropriate 
register with the rising edge of clock cycle T3. 



Timer Operation. In the timer mode, a CLK/TRG pulse 
input starts the timer (Figure 11) on the second succeeding 
rising edge of CLK. The trigger pulse is asynchronous, and 
it must have a minimum width. A minimum lead time (210 ns) 
is required between the active edge of the CLK/TRG and the 
next rising edge of CLK to enable the prescaler on the 
following clock edge. If the CLK/TRG edge occurs closer 
than this, the initiation of the timer function is delayed one 
clock cycle. This corresponds to the start-up timing 
discussed in the programming section. The timer can also 
be started automatically if so programmed by the channel 
control word. 











M 

8 

O 


CLK/TRQ ^^ 


__Alead 

— TIME 


7\ 


INTERNAL 




START TIMING 


l 









Figure 1 1 . Timer Mode Timing 

Counter Operation. In the counter mode, the CLK/TRG 
pulse input decrements the downcounter. The trigger is 
asynchronous, but the count is synchronized with CLK. For 
the decrement to occur on the next rising edge of CLK, the 
trigger edge must precede CLK by a minimum lead time as 
shown in Figure 1 2. If the lead time is less than specified, the 
count is delayed by one clock cycle. The trigger pulse must 
have a minimum width, and the trigger period must be at 
least twice the clock period. If the trigger repetition rate is 
faster than V3 the clock frequency, then TsCTR(Cs), AC 
Characteristics Specification 26, must be met. 

The ZC/TO output occurs immediately after zero count, and 
follows the rising CLK edge. 



CSo, CSi,CE 



X 



CHANNEL ADDRESS 



"V 



X 



y 




M1 / 



Figure 12. Counter Mode Timing 



Figure 10. Write Cycle Timing 
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INTERRUPT OPERATION 



The Z80 CTC follows the Z80 system interrupt protocol for 
nested priority interrupts and return from interrupt, wherein 
the interrupt priority of a peripheral is determined by its 
location in a daisy chain. Two lines— IEI and IEO— in the CTC 
connect it to the system daisy chain. The device closest to 
the +5V supply has the highest priority (Figure 13). For 
additional information on the Z80 interrupt structure, refer to 
the Z80 CPU Product Specification and the Z80 CPU 
Technical Manual. 



HIGHEST PRIORITY 
DEVICE 



LOWEST PRIORITY 
DEVICE 



5V 


DEVICE 


HI 


DEVICE 1 


HI 


DEVICE 2 


HI 


DEVICE 3 


T Hl 


IEI IEO 


IEI IEO 


IEI IEO 


IEI IEO 











Figure 13. Daisy-Chain Interrupt Priorities 

Within the Z80 CTC, interrupt priority is predetermined by 
channel number: Channel has the highest priority, and 
Channel 3 the lowest. If a device or channel is being 
serviced with an interrupt routine, it cannot be interrupted by 
a device or channel with lower priority until service is 
complete. Higher priority devices or channels may interrupt 
the servicing of lower priority devices or channels. 

A Z80 CTC channel may be programmed to request an 
interrupt every time its downcounter reaches zero. Note that 
the CPU must be programmed for interrupt mode 2. Some 
time after the interrupt request, the CPU sends an interrupt 
acknowledge. The CTC interrupt control logic determines 
the highest priority channel that is requesting an interrupt. 
Then, if the CTC IEI input is High (indicating that it has 
priority within the system daisy chain) it places an 8-bit 



interrupt vector on the system data bus. The high-order five 
bits of this vector were written to the CTC during the 
programming process; the next two bits are provided by the 
CTC interrupt control logic as a binary code that identifies 
the highest priority channel requesting an interrupt; the 
low-order bit is always zero. 

Interrupt Acknowledge Timing. Figure 14 shows 
interrupt acknowledge timing. After an interrupt requ est, the 
Z80 CPU sends an interrupt acknowledge (M1 and IORQ). 
All channels are inhibited from changing their interrupt 
request stat us wh en M1 is active— about two clock cycles 
earlier than IORQ. RD is High to distinguish this cycle from 
an instruction fetch. 

The CTC interrupt logic determines the highest priority 
channel requesting an interrupt. If the CTC interrupt enable 
input (IEI) is High, the highest priority interrupting channel 
within t he CT C places its interrupt vector on the data bus 
when IORQ goes Low. Two wait states (Twa) are 
automatically inserted at this time to allow the daisy chain to 
stabilize. Additional wait states may be added. 

Return from Interrupt Timing. At the end of an interrupt 
service routine the RETI (Return From Interrupt) instruction 
initializes the daisy chain enable lines for proper control of 
nested priority interrupt handling. The CTC decodes the 
2-byte RETI code internally and determines whether it is 
intended for a channel being serviced. Figure 15 shows 
RETI timing. 

If several Z80 peripherals are in the daisy chain, IEI settles 
active (High) on the chip currently being serviced when the 
opcode EDie is decoded. If the following opcode is 4D-I6. 
the peripheral being serviced is released and its IEO 
becomes active. Additional wait states are allowed. 
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Figure 14. Interrupt Acknowledge Timing 



Figure 15. Return From Interrupt Timing 
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2041-014,015,016 



ABSOLUTE MAXIMUM RATINGS 



Voltages on all pins with respect 

to ground -0.3V to +7V 

Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°Cto +150°C 



Stresses greater than those listed under Absolute Maximum 
Ratings may cause permanent damage to the device. This 
is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



TEST CONDITIONS 

The DC characteristics and capacitance section below 
apply for the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND (0V). 
Positive current flows into the referenced pin. 

Available operating temperature ranges are: 

■ S = 0°Cto + 70°C, + 4.75V <V CC < + 5.25V 

■ E = -40°Cto + 85°C, + 4.75V <V CC < + 5.25V 

■ M = -55°Cto +125°C, + 4.5V<V CC < +5.5V 

The Ordering Information section lists package temperature 
ranges and product numbers. Package drawings are in the 



Package Information section. Refer to the Literature List for 
additional documentation. 
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DC CHARACTERISTICS 










Symbol 


Parameter 


Min 


Max 


Unit 


Condition 


VlLC 


Clock Input Low Voltage 


-0.3 


+ 0.45 


V 




V|HC 


Clock Input High Voltage 


Vcc-0.6 


Vcc + 0.3 


V 




V|L 


Input Low Voltage 


-0.3 


+ 0.8 


V 




V|H 


Input High Voltage 


+ 2.0 


v C c 


V 




Vol 


Output Low Voltage 




+ 0.4 


V 


Iql = 2.0 mA 


VOH 


Output High Voltage 


+ 2.4 




V 


l H = -250/iA 


ice 


Power Supply Current: 




+ 120 


mA 




Ili 


Input Leakage Current 




±10 


MA 


V|N = 0.4toV C c 


Ilo 


3-State Output Leakage Current in Float 




±10 


ma 


V 0UT = 0.4toVcc 


lOHD 


Darlington Drive Current 


-1.5 




mA 


V H = 1-5V 
REXT = 390Q 



CAPACITANCE 



Symbol 



Parameter 



Max 



Unit 



CLK 

C|N 
COUT 



Clock Capacitance 
Input Capacitance 
Output Capacitance 



20 

5 

15 



pf 
pf 
pf 



T A = 25°C, f = 1 MHz 
Unmeasured pins returned to ground. 
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AC CHARACTERISTICS 


























Z80 CTC 


Z80A CTC 


Z80B CTC 






Number 


Symbol 


Parameter 


Min 


Max 


Min 


Max 


Min 


Max 


Notest 




1 


TcC 


Clock Cycle Time 


400 


[1] 


250 


[1] 


165 


[1] 






2 


TwCh 


Clock Width (High) 


170 


2000 


105 


2000 


65 


2000 






3 


TwCI 


Clock Width (Low) 


170 


2000 


105 


2000 


65 


2000 






4 


TfC 


Clock Fall Time 




30 




30 




20 






5 


TrC 


Clock Rise Time 




30 




30 




20 






6 


Th 


All Hold Times 





















7 


TsCS(C) 


CS to Clock t Setup Time 


250 




160 




100 








8 


TsCE(C) 


CE to Clock t Setup Time 


200 




150 




100 








9 


TslO(C) 


IORCH to Clock t Setup 
















M 

00 






Time 


250 




115 




70 






10 


TsRD(C) 


RD I to Clock t Setup Time 


240 




115 




70 








11 


TdC(DO) 


Clock t to Data Out Delay 




240 




200 




130 


[2] 


o 

ft 


12 


TdC(DOz) 


Clock J to Data Out Float 
















8 






Delay 




230 




110 




90 




13 


TsDI(C) 


Data In to Clock t Setup 
Time 


60 




50 




40 








14 


TsM1(C) 


Ml to Clock t Setup Time 


210 




90 




70 








15 


TdM1(IEO) 


Mil to IEOI Delay 
(Interrupt immediately 
preceding M1) 




300 




190 




130 


[3] 




16 


TdlO(DOI) 


IORQ 4 to Data Out Delay 
(INTA Cycle) 




340 




160 




110 


[2] 




17 


TdlEI(IEOf) 


IEU to IEOI Delay 




190 




130 




100 


[3] 




18 


TdlEI(IEOr) 


lEIt to lEOt Delay 
(After ED Decode) 




220 




160 




110 


[3] 




19 


TdC(INT) 


Clock t to INT \ Delay 




(1) + 200 




(1) + 140 




(1)+120 


[4,6] 




20 


TdCLK(INT) 


CLK/TRG t to INTJ 
tsCTR(C) satisfied 
tsCTR(C) not satisfied 




(19) + (26) 
(1) + (19) + (26) 




(19) + (26) 
(1) + (19) + (26) 




(19) + (26) 
(1) + (19) + (26) 


[5,6] 
[5,6] 




21 


TcCTR 


CLK/TRG Cycle Time 


2TcC 




2TcC 




2TcC 




[5] 




22 


TrCTR 


CLK/TRG Rise Time 




50 




50 




40 






23 


TfCTR 


CLK/TRG Fall Time 




50 




50 




40 






24 


TwCTRI 


CLK/TRG Width (Low) 


200 




200 




120 








25 


TwCTRh 


CLK/TRG Width (High) 


200 




200 




120 









NOTES: 

[1] TcC = TwCh + TwCI + TrC + TfC. 

[2] Increase delay by 1 ns for each 50 pf increase in loading, 200 pf 

maximum for data lines, and 1 00 pf for control lines. 
[3] Increase delay by 2 ns for each 1 pf increase in loading, 1 00 pf 

maximum. 
[4] Timer mode 
[5] Counter mode. 



[6] Parenthetical numbers reference the table number of a parameter, 

e.g., (1) refers to TcC. 
t 2.5TcO(n -2)TD IEI(IE0f) + TDM1(IEO) + TslEI(IO) + TTL buffer 

delay, if any. RESET must be active for a minimum of 3 clock cycles. 

Units are nanoseconds unless otherwise specified 
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AC CHARACTERISTICS (Continued) 














Number 


Symbol 


Parameter 


Min 


Z80CTC 
Max 


Z80ACTC 
Min Max 


Z80BCTC 
Min Max 


Notest 


26 


TsCTR(Cs) 


CLK/TRGt to Clock t Setup 
Time for Immediate 
Count 


300 




210 




150 


[5] 


27 


TsCTR(Ct) 


CLK/TRG t to Clock t Setup 
Time for enabling of 
Prescaler on following 
clock t 


210 




210 




150 


[4] 


28 
29 


TdC(ZC/TOr) 
TdC(ZC/TOf) 


Clock t to ZC/TOt Delay 
Clock 1 to ZC/TO^ Delay 




260 
190 




190 
190 


140 
140 





NOTES: 

[1] TcC = TwCh + TwCI + TrC + TfC. 

[2] Increase delay by 1 ns for each 50 pf increase in loading, 200 pf 

maximum for data lines, and 1 00 pf for control lines. 
[3] Increase delay by 2 ns for each 1 pf increase in loading, 1 00 pf 

maximum 
[4] Timer mode 
[5] Counter mode. 



[6] Parenthetical numbers reference the table number of a parameter, 

e.g., (1) refers to TcC. 
t2.5TcO(n -2)TD IEI(IE0f) + TDM1(IEO) + TslEI(IO) + TTL buffer 

delay, if any. RESET must be active for a minimum of 3 clock cycles. 

Units are nanoseconds unless otherwise specified. 



ORDERING INFORMATION 



Z80CTC,2.5MHz 
28-pin DIP 44-pin LCC 

Z8430PS Z8430LM* 

Z8430CS Z8430LMB*f 

Z8430 PE 

Z8430 CE 

Z8430CM* 

Z8430CMB* 



Z80ACTC,4.0MHz 
28-pin DIP 44-pin LCC 

Z8430APS Z8430ALM* 

Z8430 A CS Z8430A LM B * t 

Z8430A PE 

Z8430ACE 

Z8430ACM* 

Z8430ACMB* 



Codes 



Z80BCTC,6.0MHz 
28-pin DIP 

Z8430 PS 
Z8430 CS 



First letter is for package; second letter is for temperature. 



C 
P 

L 
V 



Ceramic DIP 
Plastic DIP 
Ceramic LCC 
Plastic PCC 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 



TEMPERATURE 
S =0°Cto+70°C 
E = -40°Cto+85°C 
M*= -55°Cto+125°C 



FLOW 

B = 883 Class B 



Example: PS is a plastic DIP, 0°C to + 70°C. 

fAvailable soon 

* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications 
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Z8440/1/2/4Z80 SIO 
Serial Input/Output 
Controller 



Zilog 



Product 
Specification 



April 1985 



FEATURES 

■ Two independent full-duplex channels, with separate 
control and status lines for modems or other devices. 

■ Data rates of to 500K bits/second in the x1 clock mode 
with a 2.5 MHz clock (Z80 SIO), or to 800K bits/second 
with a 4.0 MHz clock (Z80A SIO). 

■ Asynchronous protocols: everything necessary for 
complete messages in 5, 6, 7, or 8 bits/character. 
Includes variable • stop bits and several clock-rate 
multipliers; break generation and detection; parity; 
overrun and framing error detection. 



Synchronous protocols: everything necessary for 
complete bit- or byte-oriented messages in 5, 6, 7, or 8 
bits/character, including IBM Bisync, SDLC, HDLC, 
CCITT-X.25 and others. Automatic CRC generation/ 
checking, sync character and zero insertion/deletion, 
abort generation/detection, and flag insertion. 

Receiver data registers quadruply buffered, transmitter 
registers doubly buffered. 

Highly sophisticated and flexible daisy-chain interrupt 
vectoring for interrupts without external logic. 
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GENERAL DESCRIPTION 

The Z80 SIO Serial Input/Output Controller is a dual-channel 
data communication interface with extraordinary versatility 
and capability. Its basic functions as a serial-to-parallel, 
parallel-to-serial converter/controller can be programmed 
by a CPU for a broad range of serial communication 
applications. 

The device supports all common asynchronous and 
synchronous protocols, byte- or bit-oriented, and performs 
all of the functions traditionally done by UARTs, USARTs, 
and synchronous communication controllers combined, 
plus additional functions traditionally performed by the CPU. 
Moreover, it does this on two fully-independent channels, 



with an exceptionally sophisticated interrupt structure that 
allows very fast transfers. 

Full interfacing is provided for CPU or DMA control. In 
addition to data communication, the circuit can handle 
virtually all types of serial I/O with fast, or slow, peripheral 
devices. While designed primarily as a member of the Z80 
family, its versatility makes it well suited to many other CPUs. 

The Z80 SIO is an n-channel silicon-gate depletion-load 
device packaged in a 40-pin plastic or ceramic DIP. It uses a 
single + 5V power supply and the standard Z80 family 
single-phase clock. The Z8444 is packaged in a 44-pin 
ceramic LCC. 



PIN DESCRIPTION 

Figures 1 through 6 illustrate the three 40-pin configurations 
(bonding options) available in the SIO. The constraints of a 
40-pin pack age make it impossible to bring out the Receive 
Clock (RxC), Trans mit Clo ck (TxC), Data Terminal Ready 
(DTR) and Sync (SYNC) signals for both channels. 
Therefore, either Channel B lacks a signal or two signals are 
bonded together: 

■ Z80SIO/2 lacks SYNCB 



Z80SIO/1 lacks DTRB 



Z80 SIO/0 has all four signals, but TxCB and RxCB are 
bonded together 



The 44-pin package, the Z80 SIO/4, has all options (Figure 

7). 

The first bonding option above (SIO/2) is the preferred 

version for most applications. The pin descriptions are as 

follows: 

B/A. Channel A or B Select (input, High selects Channel B). 
This input defines which channel is accessed during a data 
transfer between the CPU and the SIO. Address bit Aq from 
the CPU is often used for the selection function. 

C/D. Control or Data Select (input, High selects Control). 
This input defines the type of information transfer performed 
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Figure 1 . Pin Functions 



Figure 2. 40-pin Dual-ln-Line Package (DiP), 
Pin Assignments 
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Figure 6. 40-pin Dual-ln-Line Package (DIP), 
Pin Assignments 
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Figure 7. 44-pin Chip Carrier 
Pin Assignments 





between the CPU and the SIO. A High at this input during a 
CPU write to the SIO causes the information on the data bus 
to be interpreted as a command for the channel selected by 
B/A. A Low at C/D means that the information on the data 
bus is data. Address bit Ai is often used for this function. 

CE. Chip Enable (Input, active Low). A Low level at this input 
enables the SIO to accept command or data input from the 
CPU during a write cycle, or to transmit data to the CPU 
during a read cycle. 



CLK. System Clock (input). The SIO uses the standard Z80 
System Clock to synchronize internal signals. This is a 
single-phase clock. 



CTSA, CTSB. Clear To Send (inputs, active Low). When 
programmed as Auto Enables, a Low on these inputs 
enables the respective transmitter. If not programmed as 
Auto Enables, these inputs may be programmed as 
general-purpose inputs. Both inputs are Schmitt-trigger 
buffered to accommodate slow-risetime signals. The SIO 
detects pulses on these inputs and interrupts the CPU on 
both logic level transitions. The Schmitt-trigger buffering 
does not guarantee a specified noise-level margin. 

D -D 7 . System Data Bus (bidirectional, 3-state). The system 
data bus transfers data and commands between the CPU 
and the Z80 SIO. Do is the least significant bit. 



DCDA, DCDB. Data Carrier Detect (inputs, active Low). 
These pins function as receiver enables if the SIO is 
programmed for Auto Enables; otherwise they may be used 
as general-purpose input pins. Both pins are Schmitt-trigger 
buffered to accommodate slow-risetime signals. The SIO 
detects pulses on these pins and interrupts the CPU on both 
logic level transitions. Schmitt-trigger buffering does not 
guarantee a specific noise-level margin. 



DTRA, DTRB. Data Terminal Ready (outputs, active Low). 
These outputs follow the state programmed into the Z80 
SIO. They can also be programmed as general-purpose 
outputs. 



In the Z80 SIO/1 bonding option, DTRB is omitted. 



2042-005,006,014 
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IEI. Interrupt Enable In (input, active High). This signal is 
used with IEO to form a priority daisy chain when there is 
more than one interrupt-driven device. A High on this line 
indicates that no other device of higher priority is being 
serviced by a CPU interrupt service routine. 

IEO. Interrupt Enable Out (output, active High). IEO is High 
only if IEI is High and the CPU is not servicing an interrupt 
from this SIO. Thus, this signal blocks lower priority devices 
from interrupting while a higher priority device is being 
serviced by its CPU interrupt service routine. 

INT. Interrupt Request (output, open drain, activ e Low). 
When the SIO is requesting an interrupt, it pulls INT Low. 



IORQ . Input/Output Request (input from CPU, active Low). 
IORQ is used in conjunction with B/A, C/D, CE, and RD to 
transfer command s and d ata between the CPU and the SIO. 
WhenCE, RD, and IORQ are all active, the channel selected 
by B/A t ransfer s data to the CPU (a read operation). When 
CE and IORQ_are active, but RD is inactive, the channel 
selected by B/A is written to by the CPU with either data or 
control infor mation as specified by C/D. As mentioned 
previously, if IORQ and M1 are active simultaneously, the 
CPU is acknowledging an interrupt and the SIO 
automatically places its interrupt vector on the CPU data bus 
if it is the highest priority device requesting an interrupt. 

Ml. Machine Cycle One(input from Z80 CPU, active Low). 
When M1 is active and RD is also active, the Z80 CPU is 
fetchi ng an instruction from memory; when M1 is active 
while IORQ is active, the SIO accepts M1 and IORQ as an 
interrupt acknowledge if the SIO is the highest priority 
device that has interrupted the Z80 CPU. 



RxCA, RxCB. Receiver Clock s (inp uts). Receive data is 
sampled on the rising edge of RxC. The Receive Clocks 
may be 1 , 1 6, 32, or 64 times the data rate in asynchronous 
modes. These clocks may be driven by the Z80 CTC 
Counter Timer Circuit for programmable baud rate 
generation. Both inputs are Schmitt-trigger buffered; no 
noise level margin is specified. 



In th e Z80 SIO/0 bonding option, RxCB is bonded together 
with TxCB. 

RD. Read Cycle Status (input from CPU, active Low). If RD is 
active, a memory or I/ O read operation is in progress. RD is 
used with B/A, CE, and IORQ to transfer data from the SIO to 
the CPU. 

RxDA, RxDB. Receive Data (inputs, active High). Serial 
data at TTL levels. 



RESET. Reset (input, active Low). A Low RESET disables 
both receivers and transmitters, forces TxDA and TxDB 
marking, forces the modem controls High, and disables all 
interrupts. The control registers must be rewritten after the 
SIO is reset and before data is transmitted or received. 



RTSA, RTSB. Request To Send (outputs, active Low). 
Whe n the RTS bit in Write Register 5 (Figure 14) is set, the 
RTS output goes Low. When the RTS bit is reset in the 
Asynchronous mode, the output goes High after the 
transmitter is empty. In Synchronous modes, the RTS pin 
strictly follows the state of the RTS bit. Both pins can be used 
as general-purpose outputs. 



SYNCA, SYNCB. Synchronization (bidirectional, active 
Low). These pins can act either as inputs or outputs. I n the 
asy nchron ous receive mode, they are inputs similar to CTS 
and DCD. In this mode, the transitions on these lines affect 
the state of the Sync/Hunt status bits in Read Register 
(Figure 13), but have no other function. In the External Sync 
mode, these lines also a ct as i nputs. When external 
synchronization is achiev ed, SY NC must be driven Lo w on 
the second rising edge of RxC after that rising edge of RxC 
on which the last bit of the sync character was received. In 
othrr words, after the sync pattern is detected, the external 
logi c mus t wait for tw o full Re ceive Clock cycles to activate 
the SYNC input. Once SYNC is forced Low, it should be kept 
Low until the CPU informs the external synchronization 
detect logic that synchronization has been lost or a new 
message is abou t to s tart. Character assembly begins on 
the risin g edge of RxC that immediately precedes the falling 
edge of SYNC in the External Sync mode. 

In the internal synchronization mode (Monosync and 
Bisync), these pins act as out puts t hat are active during the 
part of the receive clock (RxC) cycle in which sync 
characters are recognized. The sync condition is not 
latched, so these outputs are active each time a sync pattern 
is recognized, regardless of character boundaries. 



In the Z80 SIO/2 bonding option, SYNCB is omitted. 

TxCA, TxCB. Transmitter Clocks (inputs). In asynchronous 
modes, the Transmitter Clocks may be 1 , 1 6, 32, or 64 times 
the data rate; however, the clock multiplier must be the same 
for the transmitter and the receiver. The Transmit Clock 
inputs are Schmitt-trigger buffered for relaxed rise- and 
fall-time requirements; no noise level margin is specified. 
Transmitter Clocks may be driven by the Z80 CTC Counter 
Timer Circuit for programmable baud rate generation. 



In th e Z80 SIO/0 bonding option, TxCB is bonded together 
with RxCB. 

TxDA, TxDB. Transmit Data (outputs, active High). Seria l 
data at TTL levels. TxD changes from the falling edge of TxC. 



W/RDYA, W/RDYB. Wait/Ready (outputs, open drain when 
programmed for Wait function; driven High and Low when 
programmed for Ready function). These dual-purpose 
outputs may be programmed as Ready lines for a DMA 
controller or as Wait lines that synchronize the CPU to the 
SIO data rate. The reset state is open drain. 
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FUNCTIONAL DESCRIPTION 



The functional capabilities of the Z80 SIO can be described 
from two different points of view: as a data communications 
device, it transmits and receives serial data in a wide variety 
of data-communication protocols; as a Z80 family 
peripheral, it interacts with the Z80 CPU and other 
peripheral circuits, sharing the data, address and control 
buses, as well as being a part of the Z80 interrupt structure. 
As a peripheral to other microprocessors, the SIO offers 
valuable features such as non-vectored interrupts, polling, 
and simple handshake capability. Figure 8 is a block 
diagram. 

Figure 9 illustrates the conventional devices that the SIO 
replaces. 

The first part of the following discussion covers SIO 
data-communication capabilities; the second part 
describes interactions between the CPU and the SIO. 
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DATA COMMUNICATION CAPABILITIES 



The SIO provides two independent full-duplex channels that 
can be programmed for use in any common asynchronous, 
or synchronous data-communication protocol. Figure 10a 
illustrates some of these protocols. The following is a short 
description of them. A more detailed explanation of these 
modes can be found in the Z80 SIO Technical Manual 
(03-3033-01). 

Asynchronous Modes. Transmission and reception can 
be done independently on each channel with five to eight 
bits per character, plus optional even or odd parity. The 
transmitters can supply one, one-and-a-half, or two stop bits 
per character and can provide a break output at any time. 
The receiver break-detection logic interrupts the CPU both 
at the start and end of a received break. Reception is 
protected from spikes by a transient spike-rejection 
mechanism that checks the signal one-half a bit time after a 
Low level is detected on the receive data input (RxDA or 
RxDB in Figure 5). If the Low does not persist, as in the case 
of a transient, the character assembly process is not started. 

Framing errors and overrun errors are detected and 
buffered together with the partial character on which they 
occurred. Vectored interrupts allow fast servicing of error 
conditions using dedicated routines. Furthermore, a built-in 
checking process avoids interpreting a framing error as a 
new start bit: a framing error results in the addition of 
one-half a bit time to the point at which the search for the 
next start bit is begun. 



The SIO does not require symmetric transmit and receive 
clock signals, a feature that allows it to be used with a Z80 
CTC or many other clock sources. The transmitter and 
receiver can handle data at a rate of 1 , 1/16, 1 /32, or 1 /64 of 
the clock rate supplied to the receive and transmit clock 
inputs. 



In asynchronous modes, the SYNC pin may be 
programmed as an input that can be used for functions such 
as monitoring a ring indicator. 

Synchronous Modes. The SIO supports both byte- 
oriented and bit-oriented synchronous communication. 

Synchronous byte-oriented protocols can be handled in 
several modes that allow character synchronization with an 
8-bit sync character (Monosync), any 16-bit sync pattern 
(Bisync), or with an external sync signal. Leading sync 
characters can be removed without interrupting the CPU. 

Five-, six-, or seven-bit sync characters are detected with 8- 
or 16-bit patterns in the SIO by overlapping the larger 
pattern across multiple incoming sync characters, as shown 
in Figure 10b. 

CRC checking for synchronous byte-oriented modes is 
delayed by one character time so the CPU may disable CRC 
checking on specific characters. This permits implemen- 
tation of protocols such as IBM Bisync. 



Figure 10a. Some Z80 SIO Protocols 
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2042-009,010 



BothCRC-16(Xi6 + X15 + X2 + 1)andCCITT(Xi6 + X12 
+ X 5 + 1) error checking polynomials are supported. In all 
non-SDLC modes, the CRC generator is initialized to Os; in 
SDLC modes, it is initialized to 1 s. The SIO can be used for 
interfacing to peripherals such as hard-sectored floppy 
disks, but it cannot generate or check CRC for 
IBM-compatible soft-sectored disks. The SIO also provides 
a feature that automatically transmits CRC data when no 
other data is available for transmission. This allows very 
high-speed transmissions under DMA control with no need 
for CPU intervention at the end of a message. When there is 
no data or CRC to send in synchronous modes, the 
transmitter inserts 8- or 16-bit sync characters regardless of 
the programmed character length. 

The SIO supports synchronous bit-oriented protocols such 
as SDLC and HDLC by performing automatic flag sending, 
zero insertion, and CRC generation. A special command 
can be used to abort a frame in transmission. At the end of a 
message the SIO automatically transmits the CRC and 
trailing flag when the transmit buffer becomes empty. If a 
transmit underrun occurs in the middle of a message, an 
external/status interrupt warns the CPU of this status change 
so that an abort may be issued. One to eight bits per 
character can be sent, which allows reception of a message 
with no prior information about the character structure in the 
information field of a frame. 



The receiver automatically synchronizes on the leading flag 
of a frame in SDLC or HDLC , and provides a 
synchronization signal on the SYNC pin; an interrupt can 
also be programmed. The receiver can be programmed to 
search for frames addressed by a single byte to only a 
specified user-selected address or to a global broadcast 
address. In this mode, frames that do not match either the 
user-selected or broadcast address are ignored. The 
number of address bytes can be extended under software 
control. For transmitting data, an interrupt on the first 
received character or on every character can be selected. 
The receiver automatically deletes all zeroes inserted by the 
transmitter during character assembly. It also calculates and 
automatically checks the CRC to validate frame 
transmission. At the end of transmission, the status of a 
received frame is available in the status registers. 

The SIO can be conveniently used under DMA control to 
provide high-speed reception or transmission. In reception, 
for example, the SIO can interrupt the CPU when the first 
character of a message is received. The CPU then enables 
the DMA to transfer the message to memory. The SIO then 
issues an end-of-frame interrupt and the CPU can check the 
status of the received message. Thus, the CPU is freed for 
other service while the message is being received. 
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I/O INTERFACE CAPABILITIES 



The SIO offers the choice of polling, vectored or 
non- vectored interrupts and block-transfer modes to 
transfer data, status, and control information to, and from, 
the CPU. The block-transfer mode can also be implemented 
under DMA control. 

Polling. Two status registers are updated at appropriate 
times for each function being performed (for example, CRC 
error-status valid at the end of a message). When the CPU is 
operated in a polling fashion, one of the SIO's two status 
registers is used to indicate whether the SIO has some data 
or needs some data. Depending on the contents of this 
register, the CPU will either write data, read data, or just go 
on. Two bits in the register indicate that a data transfer is 
needed. In addition, error and other conditions are 
indicated. The second status register (special receive 
conditions) does not have to be read in a polling sequence, 
until a character has been received. All interrupt modes are 
disabled when operating the device in a polled 
environment. 

Interrupts. The SIO has an elaborate interrupt scheme to 
provide fast interrupt service in real-time applications. A 
control register and a status register in Channel B contain 
the interrupt vector. When programmed to do so, the SIO 
can modify three bits of the interrupt vector in the status 
register so that it points directly to one of eight interrupt 
service routines in memory, thereby servicing conditions in 
both channels and eliminating most of the needs for a 
status-analysis routine. 

Transmit interrupts, receive interrupts, and external/status 
interrupts are the main sources of interrupts. Each interrupt 



source is enabled under program control, with Channel A 
having a higher priority than Channel B, and with receive, 
transmit, and external/status interrupts prioritized in that 
order within each channel. When the transmit interrupt is 
enabled, the CPU is interrupted by the transmit buffer 
becoming empty. (This implies that the transmitter must 
have had a data character written into it so it can become 
empty.) The receiver can interrupt the CPU in one of two 
ways: 

■ Interrupt on first received character 

■ Interrupt on all received characters 

Interrupt-on-first-received-character is typically used with 
the block-transfer mode. Interrupt-on-all-received- 
characters has the option of modifying the interrupt vector in 
the event of a parity error. Both of these interrupt modes will 
also interrupt under special receive conditions on a 
character or message basis (end-of-frame interrupt in 
SDLC, for example). This means that the special-receive 
condition can cause an interrupt only if the 
interrupt-on-first-received-character or interrupt-on-all- 
received-characters mode is selected. In interrupt-on-first- 
received-character, an interrupt can occur from 
special-receive conditions (except parity error) after the 
first-received-character interrupt (example: receive-over run 
interrupt). 

The main function of the external/status interrupt is t o 
monitor the signal tra nsitio ns of the Clear To Send (CTS) , 
Data Carrier Detect (DCD), and Synchronization (SYNC) 
pins (Figures 1 through 7). In addition, an external/status 
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interrupt is also caused by a CRC-sending condition, or by 
the detection of a break sequence (asynchronous mode) or 
abort sequence (SDLC mode) in the data stream. The 
interrupt caused by the break/abort sequence allows the 
SIO to interrupt when the break/abort sequence is detected 
or terminated. This feature facilitates the proper termination 
of the current message, correct initialization of the next 
message, and the accurate timing of the break/abort 
condition in external logic. 

In a Z80 CPU environment (Figure 11), SIO interrupt 
vectoring is "automatic:" the SIO passes its internally- 
modifiable 8-bit interrupt vector to the CPU, which adds an 
additional 8 bits from its interrupt- vector (I) register to form 
the memory address of the interrupt-routine table. This table 
contains the address of the beginning of the interrupt routine 
itself. The process entails an indirect transfer of CPU control 
to the interrupt routine, so that the next instruction executed 
after an interrupt acknowledge by the CPU is the first 
instruction of the interrupt routine itself. 

CPU/DMA Block Transfer. The SIO's block-transfer mode 
accommodates both CPU block transfers and DMA 
controllers (Z80 DMA or other designs). The block-transfer 
mode uses the Wait/Ready output signal, which is selected 
with three bits in an internal control reg ister. T he Wait/Ready 
output signal can be programm ed as a W AIT line in the CPU 
block-transfer mode or as a READY line in the DMA 
block-transfer mode. 



To a DMA controller, the SIO READY output indicates that 
the SIO is ready to transfer data to, or from, memory. To the 
CPU, the WAIT output indicates that the SIO is not ready to 
transfer data, thereby requesting the CPU to extend the I/O 
cycle. 




Figure 1 1 . Typical Z80 Environment 



INTERNAL STRUCTURE 



The internal structure of the device includes a Z80 CPU 
interface, internal control and interrupt logic, and two 
full-duplex channels. Each channel contains its own set of 
control and status (write and read) registers, and control and 
status logic that provides the interface to modems or other 
external devices. 

The registers for each channel are designated as follows: 

WR0-WR7 — Write Registers through 7 
RR0-RR2 — Read Registers through 2 

The register group includes five 8-bit control registers, two 
sync-character registers and two status registers. The 
interrupt vector is written into an additional 8-bit register 
(Write Register 2) in Channel B that may be read through 
another 8-bit register (Read Register 2) in Channel B. The bit 
assignment and functional grouping of each register is 
configured to simplify and organize the programming 
process. Table 1 lists the functions assigned to each read or 
write register. 

The logic for both channels provides formats, 
synchronization, and validation for data transferred to and 
from the ch anne l interface. The modem control i nputs , Clear 
To Send (CTS) and Data Carrier Detect (DCD), are 



Table 1 . Register Functions 



Read Register Functions 



RRO Transmit/Receive buffer status, interrupt status and 

external status 
RR1 Special Receive Condition status 
RR2 Modified interrupt vector (Channel B only) 



Write Register Functions 



WRO Register pointers, CRC initialize, and initialization 

commands for the various modes. 
WR1 Transmit/Receive interrupt and data transfer mode 

definition. 

WR2 Interrupt vector (Channel B only) 

WR3 Receive parameters and control 

WR4 Transmit/Receive miscellaneous parameters and modes 

WR5 Transmit parameters and controls 

WR6 Sync character or SDLC address field 

WR7 Sync character or SDLC flag 
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monitored by the external control and status logic under 
program control. All external control-and-status-logic 
signals are general-purpose in nature and can be used for 
functions other than modem control. 

Data Path. The transmit and receive data path illustrated for 
Channel A in Figure 12 is identical for both channels. The 
receiver has three 8-bit buffer registers in a FIFO 
arrangement, in addition to the 8-bit receive shift register. 
This scheme creates additional time for the CPU to service 
an interrupt at the beginning of a block of high-speed data. 



Incoming data is routed through one of several paths (data 
or CRC) depending on the selected mode and— in 
asynchronous modes— the character length. 

The transmitter has an 8-bit transmit data buffer register that 
is loaded from the internal data bus, and a 20-bit transmit 
shift register that can be loaded from the sync-character 
buffers or from the transmit data register. Depending on the 
operational mode, outgoing data is routed through one of 
four main paths before it is transmitted from the Transmit 
Data output (TxD). 



CPU l/U 



TO CHANNEL B, " 
EXTERNAL STATUS LOGIC, 
CONTROL LOGIC . 



I/O DATA BUFFER | 



INTERNAL DATA BUS 



:<*>: 



RECEIVE 
DATA 
FIFO 



Tt 



RECEIVE 
ERROR 



RECEIVE 
CLOCK 
LOGIC 



HUNT MODE (BISYNC) 



^"V 



<Jl 



z^z: 



TRANSMIT DATA 



Ik 



20-BIT TRANSMIT SHIFT REGISTER 



±EZ 



RECEIVE 
ERROR 
LOGIC 



RECEIVE 

SHIFT REGISTER 

(8 BITS) 



ELHF 



CRC DELAY 
REGISTER 
(8 BITS) 





SYNC 
DATA 




ASYNC 
, DATA 




w 


TRANSMIT 
MULTIPLEXER 
& 2-BIT DELAY 


SDLC 




l — - 




ZERO INSERT 
(S BITS) 


J 




P 


SYNC 




I 


SDLCCRC 




CRC 


















CRC 
GENERATOR 






TRANSMIT 
CLOCK LOGIC 









Figure 12. Transmit and Receive Data Path (Channel A) 
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PROGRAMMING 



The system program first issues a series of commands that 
initialize the basic mode of operation and then issues other 
commands that qualify conditions within the selected mode. 
For example, the asynchronous mode, character length, 
clock rate, number of stop bits, even or odd parity might be 
set first; then the interrupt mode; and finally, receiver or 
transmitter enable. 

Both channels contain registers that must be programmed 
via the system program prior to operation. The channel- 
select input (B/A) and the control/data (C/D) are the 
command-structure addressing controls, and are normally 
controlled by the CPU address bus. Figures 15 and 16 
illustrate the timing relationships for programming the write 
registers and transferring data and status. 

Read Registers. The SIO contains three read registers for 
Channel B and two read registers for Channel A (RR0-RR2 
in Figure 13) that can be read to obtain the status 
information; RR2 contains the internally-modifiable interrupt 
vector and is only in the Channel B register set. The status 
information includes error conditions, interrupt vector, and 
standard communications-interface signals. 

To read the contents of a selected read register other than 
RRO, the system program must first write the pointer byte to 
WRO in exactly the same way as a write register operation. 
Then, by executing a read instruction, the contents of the 
addressed read register can be read by the CPU. 

The status bits of RRO and RR1 are carefully grouped to 
simplify status monitoring. For example, when the interrupt 
vector indicates that a Special Receive Condition interrupt 
has occurred, all the appropriate error bits can be read from 
a single register (RR1). 

Write Registers. The SIO contains eight write registers for 
Channel B and seven write registers for Channel A 
(WR0-WR7 in Figure 1 4) that are programmed separately to 
configure the functional personality of the channels; WR2 
contains the interrupt vector for both channels and is only in 
the Channel B register set. With the exception of WRO, 
programming the write registers requires two bytes. The first 
byte is to WRO and contains three bits (D0-D2) that point to 
the selected register; the second byte is the actual control 
word that is written into the register to configure the SIO. 



WRO is a special case in that all of the basic commands can 
be written to it with a single byte. Reset (internal or external) 
initializes the pointer bits D0-D2 to point to WRO. This implies 
that a channel reset must not be combined with the pointing 
to any register. 

READ REGISTER 

I D 7 I D 6 [ D 5 I D 4 I D 3 I D 2 [ D 1 I D J 



- Rx CHARACTER AVAILABLE 

- INT PENDING (CH. A ONLY) 
-Tx BUFFER EMPTY 
-DCD 

-SYNC/HUNT 

-CTS 

-TxUNDERRUN/EOM 

- BREAK/ABORT 



*Used With "External/Status Interrupt" Modes 

READ REGISTER 1t 
| D 7 | D 6 | D s | D 4 | D 3 | D 2 | D, | D "] 



I FIELD BITS I FIELD BITS IN 

IN PREVIOUS SECOND PREVIOUS 

BYTE BYTE 

10 3 

10 4 

110 5 

10 6 



1 1 

1 1 1 

2 

- PARITY ERROR 

- Rx OVERRUN ERROR 

- CRC/FRAMING ERROR 

- END OF FRAME (SDLC) 



* Residue data for eight Rx bits/character programmed 
tUsed with special receive condition mode 



READ REGISTER 2 (Channel B only) 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | Do | 



- V0 
-V1f 
-V2f , 

- V3f V INTERRUPT 

- V4 ( VECTOR 
-V5 
-V6 
-V7 



fVanable if "Status Affects Vector" is programmed 

Figure 13. Read Register Bit Functions 
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2042-013 



WRITE REGISTER 



WRITE REGISTER 4 



[D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | 0, | D | 












I ! I 

REGISTER 












1 REGISTER 1 












1 REGISTER 2 












1 1 REGISTER 3 












1 REGISTER 4 












1 1 REGISTERS 












1 1 REGISTER 6 












1 1 1 REGISTER 7 






NULL CODE 






1 SEND ABORT (SDLC) 






1 RESET EXT/STATUS INTERRUPTS 






1 1 CHANNEL RESET 






1 ENABLE INT ON NEXT Rx CHARACTER 






1 1 RESET TxINT PENDING 






1 1 ERROR RESET 






1 1 1 RETURN FROM INT (CHA ONLY) 


NULL CODE 




) 


RESET Rx CRC CHECKER 



RESET Tx CRC GENERATOR 

1 RESET Tx UNDERRUN/EOM LATCH 



WRITE REGISTER 1 



| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D 1 | D I 



-EXT INT ENABLE 
-Tx INT ENABLE 
-STATUS AFFECTS VECTOR 
(CH. B ONLY) 



Rx INT DISABLE ] 

1 Rx INT ON FIRST CHARACTER 

1 INT ON ALL Rx CHARACTERS (PARITY AFFECTS VECTOR) * 
1 1 INT ON ALL Rx CHARACTERS (PARITY DOES NOT AFFECT 

VECTOR) 



- WAIT /READY ON R/T 
- WAIT /READY FUNCTION 
-WAIT/READY ENABLE 



* Or on special condition 

WRITE REGISTER 2 (Channel B only) 

| D 7 I D 6 | D 5 | D 4 | D 3 [ D 2 | D, | d7| 




D 7 D, D 5 D 4 D 3 D 2 



ro 



-PARITY ENABLE 
-PARITY EVEN/ODD 



SYNC MODES ENABLE 

1 1 STOP BIT/CHARACTER 

1 V» STOP BITS/CHARACTER 

1 2 STOP BITS/CHARACTER 



8 BIT SYNC CHARACTER 

1 16 BIT SYNC CHARACTER 

1 SDLC MODE (01111110 FLAG) 
1 1 EXTERNAL SYNC MODE 



X1 CLOCK MODE 
X16 CLOCK MODE 
X32 CLOCK MODE 
X64 CLOCK MODE 



WRITE REGISTER 5 

| D 7 | D 6 [ D 5 | D 4 | D 3 | D 2 | D 1 | D | 



-Tx CRC ENABLE 
- RTS 

-SDLC/CRC-16 
-Tx ENABLE 
-SEND BREAK 



Tx 5 BITS (OR LESS)/CHARACTER 

1 Tx 7 BITS/CHARACTER 

Tx 6 BITS/CHARACTER 

1 Tx 8 BITS/CHARACTER 



WRITE REGISTER 6 




to 

i 



*Also SDLC address field 



WRITE REGISTER 3 

j D 7 | D 6 | D 5 | D 4 | D 3 I D 2 I D 1 | d7| 



-Rx ENABLE 

-SYNC CHARACTER LOAD INHIBIT 

-ADDRESS SEARCH MODE (SDLC) 

-Rx CRC ENABLE 

-ENTER HUNT PHASE 

-AUTO ENABLES 



Rx 5 BITS/CHARACTER 

1 Rx 7 BITS/CHARACTER 

Rx 6 BITS/CHARACTER 

1 Rx 8 BITS/CHARACTER 



WRITE REGISTER 7 

{ D 7 | D 6 | D 5 | D 4 | D 3 I D 2 I Dj | Dp | 




*For SDLC it must be programmed to "01 111110" for flag recognition 



Figure 14. Write Register Bit Functions 
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TIMING 



The SIO must have the same clock as the CPU (same phase 
and frequency relationship, not necessarily the same 
driver). 

Read Cycle. The timing signals generated by a Z80 CPU 
input instruction to read a data or status byte from the SIO 
are illustrated in Figure 15. 

Write Cycle. Figure 16 illustrates the timing and data 
signals generated by a Z80 CPU output instruction to write a 
data or control byte into the SIO. 

Interrupt-Acknowledge Cycle. After receiving an 
interrupt-request signal from an SIO (INT pulled Low), the 
Z80 CP U send s an interrupt-acknowledge sequence, M1 
Low and IORQ Low, a few cycles later (Figure 1 7). 

The SIO contains an internal daisy-chained interrupt 
structure for prioritizing nested interrupts for the various 
functions of its two channels, and this structure can be used 
within an external user-defined daisy chain that prioritizes 
several peripheral circuits. 

The IEI of the highest-priority device is terminated High. A 
device that has an interrupt pending or under service forces 
its IEO Low. For devices with no interrupt pending or under 
service, IEO = IEI. 

To insure stable conditions in the daisy chain, all interrupt 
status signal s are prevented from changing while M1 is Low. 
When IORQ is Low, the highest priority interrupt requestor 



(the one with IEI High) places its interrupt vector on the data 
bus and sets its internal interrupt-under-service latch. 

Return From Interrupt Cycle. Figure 18 illustrates the 
return from interrupt cycle. Normally, the Z80 CPU issues a 
Return From Interrupt (RETI) instruction at the end of an 
interrupt service routine. RETI is a 2-byte opcode (ED-4D) 
that resets the interrupt-under-service latch in the SIO to 
terminate the interrupt that has just been processed. This is 
accomplished by manipulating the daisy chain in the 
following way. 

The normal daisy-chain operation can be used to detect a 
pending interrupt; however, it cannot distinguish between 
an interrupt under service and a pending unacknowledged 
interrupt of a higher priority. Whenever ED is decoded, the 
daisy chain is modified by forcing High the IEO of any 
interrupt that has not yet been acknowledged. Thus the 
daisy chain identifies the device presently under service as 
the only one with an IEI High and an IEO Low. If the next 
opcode byte is 4D, the interrupt-under-service latch is reset. 

The ripple time of the interrupt daisy chain (both the 
High-to-Low and the Low-to-High transitions) limits the 
number of devices that can be placed in the daisy chain. 
Ripple time can be improved with carry-look-ahead, or by 
extending the interrupt-acknowledge cycle. For further 
information about techniques for increasing the number of 
daisy-chained devices, refer to the Z80 CPU Product 
Specification in this document. 
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Figure 16. Write Cycle 



Figure 18. Return from Interrupt Cycle 
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2044-008,009,010,011 



ABSOLUTE MAXIMUM RATINGS 



Voltages on all pins with respect 

toGND -0.3V to + 7V 

Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°Cto +150°C 

Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above those indicated in the 



operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

The Ordering Information section lists package temperature 
ranges and product numbers. Package drawings are in the 
Package Information section. Refer to the Literature List for 
additional documentation. 



STANDARD TEST CONDITIONS 



The DC characteristics and capacitance sections listed 
below apply for the following standard test conditions, 
unless otherwise noted. All voltages are referenced to GND 
(0V). Positive current flows into the referenced pin. 

Available operating temperature ranges are: 

■ S = 0°Cto +70°C, + 4.75V< V CC < +5.25V 

■ E = -40°Cto +85°C, + 4.75V <V CC < + 5.25V 

■ M = -55°Cto +125°C, +4.5V<V C c< +5.5V 



FROM OUTPUT , 




DC CHARACTERISTICS 



Symbol 



Parameter 



Min 



Max 



Unit 



Test Condition 



V|LC 


Clock Input Low Voltage 


-0.3 


+ 0.45 


V 




V|HC 


Clock Input High Voltage 


Vcc-0.6 


Vcc + 0.3 


V 




V|L 


Input Low Voltage 


-0.3 


+ 0.8 


V 




V|H 


Input High Voltage 


+ 2.0 


Vcc 


V 




Vol 


Output Low Voltage 




+ 0.4 


V 


Iql = 2.0 mA 


VOH 


Output High Voltage 


+ 2.4 




V 


lOH = -250 M A 


Ili 


Input Leakage Current 




±10 


ma 


V| N = to V C c 


lOL 


3-State Output Leakage Current in Float 




±10 


ma 


V O UT = 0.4VtoVcc 


'L(SY) 


SYNC Pin Leakage Current 




+ 10/-40 


ma 


0<V| N <Vcc 


'cc 


Power Supply Current 




100 


mA 





Over specified temperature 


and voltage range. 








CAPACITANCE 


Symbol 


Parameter 


Min 


Max 


Unit 


C 

C|N 

COUT 


Clock Capacitance 
Input Capacitance 
Output Capacitance 




40 

5 

15 


pf 
pf 
Pf 



Over specified temperature range; f = 1 MHz. 
Unmeasured pins returned to ground. 



8085-006 
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AC CHARACTERISTICS TIMING 




230 



AC CHARACTERISTICS* 



Number Symbol 



Parameter 



Z80SIO 
Min Max 



Z80ASIO 
Min Max 



Z80BSIO 
Min Max 



TcC 

TwCh 

TfC 

TrC 

TwCI 



Clock Cycle Time 
Clock Width (High) 
Clock Fall Time 
Clock Rise Time 
Clock Width (Low) 



400 
170 



170 



4000 

2000 

30 

30 

2000 



250 
105 



105 



4000 

2000 

30 

30 

2000 



165 
70 



4000 

2000 

15 

15 

70 2000 



10 



TsAD(C) CE, C/D, B/A to Clock t Setup Time 

TsCS(C) IORQ, RD to Clock t Setup Time 

TdC(DO) Clock t to Data Out Delay 

TsDI(C) Data In to Clock t Setup (Write or Ml Cycle) 

TdRD(DOz) RD t to Data Out Float Delay 



160 
240 



50 



240 
230 



145 
115 



50 



220 



110 



60 
60 



30 



150 



90 



11 
12 
13 
14 
15 



TdlO(DOI) 

TsM1(C) 

TslEI(IO) 

TdM1(IEO) 

TdlEI(IEOr) 



IORQ I to Data Out Delay (INTACK Cycle) 
MT to Clock t Setup Time 
IEI to IORQ I Setup Time (INTACK Cycle) 
Ml I to IEO J Delay (interrupt before"Ml") 
IEI t to IEO t Delay (after ED decode) 



210 
200 



340 



300 
150 



90 
140 



160 



190 
100 



75 
120 



120 



160 
70 



16 TdlEI(IEOf) IEU to IEO I Delay 

1 7 TdC(INT) Clock t tolNT * Delay 

18 TdlO(W/RWf) iO^or^i to W/RDY I Delay (Wait Mode) 

1 9 TdC(W/RRf) Clock t to W/RDY I Delay (Ready Mode) 

20 TdC(W/RWz) Clock UoW/RDY Float Delay (Wait Mode) 

21 Th Any unspecified Hold when Setup is specified 



150 
200 
300 
120 
150 



100 
200 
210 
120 
130 



70 
150 
175 
100 
110 



* Units in nanoseconds (ns). 
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AC CHARACTERISTICS TIMING (Continued) 

N. 



CTS, DCO, SYNC 
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AC CHARACTERISTICS (Continued) 



Number Symbol 



Parameter 



Z80SIO Z80ASIO Z80BSIO 

Min Max Min Max Min Max Notes* 



1 TwPh 

2 TwPI 

3 TcTxC 

4 TwTxCI 

5 TwTxCh 



Pulse Width (High) 
Pulse Width (Low) 
TxC Cycle Time 
TxC Width (Low) 
TxC Width (High) 



200 
200 
400 
180 
180 



200 
200 
400 
180 
180 



200 
200 
330 
100 
100 



6 TdTxC(TxD) TxC I to TxD Delay (x1 Mode) 



400 



300 



220 



7 TdTxC(W/RRf) TxC I to W/RDY I Delay (Ready Mode) 5 9 5 

8 TdTxC(INT) TxC i to INT I Delay 5 9 5 

9 TcRxC RxC Cycle Time 400 «> 400 

10 TwRxCI RxC Width (Low) 180 » 180 

11 TwRxCh RxC Width (High) 180 oo 180 

12 TsRxD(RxC) RxD to RxC t Setup Time (x1 Mode) 



5 

5 

330 

100 

100 





to 

M 

e 



1 3 ThRxD(RxC) RxC t to RxD Hold Time (x1 Mode) 

1 4 TdRxC(W/RRf) RxC t to W/RDY 4 Delay (Ready Mode) 

15 TdRxC(INT) RxCttolNTi Delay 

1 6 TdRxC(SYNC) RxC t to SYNC I Delay (Output Modes) 



1 7 TsSYNC(RxC) SYNC * to RxC t Setup (External Sync Modes) 



140 

10 

10 

4 

-100 



13 

13 

7 



140 

10 

10 

4 

-100 



100 

13 10 

13 10 

7 4 

-100 



13 

13 

7 



* In all modes, the System Clock rate must be at least five times the maximum data rate. RESET must be active a minimum of one complete clock cycle. 

1 . Units equal to System Clock Periods. 

2. Units in nanoseconds (ns). 
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ORDERING INFORMATION 



Z80SIO/0,2.5MHz 
40-pin DIP 44-pin LCC 

Z8440PS Z8444LM* 

Z8440CS Z8444LMB*f 

Z8440 PE 

Z8440 CE 

Z8440CM* 

Z8440CMB* 



Z80ASIO/1,4.0MHz 
40-pin DIP 44-pin LCC 

Z8441APS Z8444ALM* 

Z8441 A CS Z8444A LMB*f 

Z8441APE 

Z8441ACE 

Z8441ACM* 

Z8441ACMB* 



Z80ASIO/0,4.0MHz 
40-pin DIP 44-pin LCC 

Z8440APS Z8444ALM* 

Z8440A CS Z8444A LM B * f 

Z8440A PE 

Z8440ACE 

Z8440ACM* 

Z8440ACMB* 



Z80BSIO/0,6.0MHz 



40-pin DIP 

Z8440B PS 
Z8440B CS 



Z80BSIO/1,6.0MHz 
40-pin DIP 

Z8441BPS 
Z8441BCS 

Z80SIO/2,2.5MHz 
40-pin DIP 44-pin LCC 

Z8442PS Z8444LM* 

Z8442CS Z8444LMB*t 

Z8442 PE 

Z8442 CE 

Z8442CM* 

Z8442CMB* 



Z80SIO/1,2.5MHz 
40-pin DIP 44-pin LCC 

Z8441PS Z8444LM* 

Z8441CS Z8444LMB*f 

Z8441 PE 
Z8441 CE 
Z8441 CM* 
Z8441 CMB* 



Z80ASIO/2,4.0MHz 
40-pin DIP 44-pin LCC 

Z8442APS Z8444ALM* 

Z8442A CS Z8444A LMB*f 

Z8442A PE 

Z8442ACE 

Z8442ACM* 

Z8442ACMB* 



Z80BSIO/2,6.0MHz 



40-pin DIP 

Z8442B PS 
Z8442BCS 



Codes 



First letter is for package; second letter is for temperature. 



= Ceramic DIP 
= Plastic DIP 
= Ceramic LCC 
= Plastic PCC 



TEMPERATURE 
S = 0°Cto+70°C 
E = -40°Cto +85°C 
M*= -55°Cto +125°C 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 

FLOW 

B = 883 Class B 



Example: PS is a plastic DIP, 0°C to + 70°C. 

fAvailable soon. 

*For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 
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Z8470Z80 DART 
Dual Asynchronous 
Receiver/Transmitter 



Zilog 



Product 
Specification 



April 1985 



FEATURES 

■ Two independent full-duplex channels with separate 
modem controls. Modem status can be monitored. 

■ In x1 clock mode, data rates are to 500K bits/second 
with a 2.5 MHz clock, or to 800K bits/second with a 4.0 
MHz clock. 

■ Receiver data registers are quadruply buffered; the 
transmitter is doubly buffered. 

■ Programmable options include 1 , 1 V2, or 2 stop bits; 
even, odd, or no parity; and x1 , x16, x32, and x64 clock 
modes. 



■ Break generation and detection as well as parity-, 
overrun-, and framing-error detection are available. 

■ Interrupt features include a programmable interrupt 
vector, a "status affects vector" mode for fast interrupt 
processing, and the standard Z80 peripheral daisy- 
chain interrupt structure that provides automatic interrupt 
vectoring with no external logic. 

■ On-chip logic for ring indication and carrier-detect status. 



s 
3 



GENERAL DESCRIPTION 



The Z80 DART (Dual-Channel Asynchronous Receiver/ 
Transmitter) is a dual-channel multifunction peripheral 
component that satisfies a wide variety of asynchronous 
serial data communications requirements in microcomputer 
systems. The Z80 DART is used as a serial-to-parallel, 



CPU , 

DATA< 

BUS ' 



{ MODEM 
CONTROL 



CONTROL 

FROM 

CPU 



DAISY 
CHAIN 




CONTROL 



TT 

+ 5V GNO 

Figure 1 . Pin Functions 



+ 5V GNO CLK 



parallel-to-serial converter/controller in asynchronous 
applications. In addition, the device also provides modem 
controls for both channels. In applications where modem 
controls are not needed, these lines can be used for 
general-purpose I/O. 



>CH-A 



^CH-I 



D3C 2 
DsC 3 

IEI £ 6 

IEO£ 7 

Ml C 8 

+ 5V £ 9 
W/RDYA \2 



RxDA £ 
RxCA £ 

t£ca£ 

TxDA £ 
DTRA £ 
RTSA £ 
CTSA £ 
DCDA Q 
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Figure 2. 40-Pin Dual-ln-Line Package (DIP), 
Pin Assignments 
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Zilog also offers the Z80 SIO, a more versatile device that 
provides synchronous (Bisync, HDLC, and SDLC) as well 
as asynchronous operation. 



The Z80 DART is fabricated with n-channel silicon-gate 
depletion-load technology, and is packaged in a 40-pin 
plastic or ceramic DIP (Figures 1 and 2). 



PIN DESCRIPTION 

B/A. Channel A or B Select (input, High selects Channel B). 
This input defines which channel is accessed during a data 
transfer between the CPU and the Z80 DART 

C/D. Control or Data Select (input, High selects Control). 
This input specifies the type of information (control or data) 
transferred on the data bus between the CPU and the Z80 
DART. 

CE. Chip Enable (input, active Low). A Low at this input 
enables the Z80 DART to accept command or data input 
from the CPU during a write cycle, or to transmit data to the 
CPU during a read cycle. 

CLK. System Clock (input). The Z80 DART uses the 
standard Z80 single-phase system clock to synchronize 
internal signals. 



CTSA, CTSB. Clear To Send (inputs, active Low). When 
programmed as Auto Enables, a Low on these inputs 
enables the respective transmitter. If not programmed as 
Auto Enables, these inputs may be programmed as 
general-purpose inputs. Both inputs are Schmitt-trigger 
buffered to accommodate slow-risetime signals. 

Dq-D 7 . System Data Bus (bidirectional, 3-state). This bus 
transfers data and commands between the CPU and the 
Z80 DART. 



DCDA, DCDB. Data Carrier Detect (inputs, active Low). 
These pins function as receiver enables if the Z80 DART is 
programmed for Auto Enables; otherwise they may be used 
as general-purpose input pins. Both pins are Schmitt-trigger 
buffered. 



DTRA, DTRB. Data Terminal Ready (outputs, active Low). 
These outputs follow the state programmed into the DTR bit. 
They can also be programmed as general-purpose outputs. 

IEI. Interrupt Enable In (input, active High). This signal is 
used with IEO to form a priority daisy chain when there is 
more than one interrupt-driven device. A High on this line 
indicates that no other device of higher priority is being 
serviced by a CPU interrupt service routine. 

IEO. Interrupt Enable Out (output, active High). IEO is High 
only if IEI is High and the CPU is not servicing an interrupt 
from this Z80 DART Thus, this signal blocks lower priority 
devices from interrupting while a higher priority device is 
being serviced by its CPU interrupt service routine. 

INT. Interrupt Request (output, open drain, active L ow). 
When the Z80 DART is requesting an interrupt, it pulls INT 
Low. 

Ml . Machine Cycle One (input from Z80 CPU, active Low). 
When M1 and RD are both active, the Z80 CPU is fetching 



an instruction from memory; when M1 is activ e while IORQ 
is active, the Z80 DART accepts M1 and IORQ as an 
interrupt acknowledge if the Z80 DART is the highest priority 
device that has interrupted the Z80 CPU. 



IORQ . Input/Output Request (input from CPU, active Low). 
IORQ is used in conjunction with B/A, C/D, CE, and RD to 
transfer commands and da ta betw een the CPU and the Z80 
DART. When CE, RD, and IORQ are all active, the channel 
selected by B/A t ransfe rs data to the CPUj(a read operation). 
When CE and IORQ are active, but RD is inactive, the 
channel selected by B/A is written to by the CPU with either 
data or control information as specified by C/D. 



RxCA, RxCB. Receiver Clocks (inputs). Receive data is 
sampled on the rising edge of RxC. The Receive Clocks 
may be 1 , 1 6, 32, or 64 times the data rate. 

RD. Read Cycle Status (input from CPU, active Low). If RD is 
active, a memory or I/O read operation is in progress. 

RxDA, RxDB. Receive Data (inputs, active High). 



RESET. Reset (input, active Low). Disables both receivers 
and transmitters, forces TxDA and TxDB marking, forces the 
modem controls High, and disables all interrupts. 

RIA, RIB. Ring Indicator (inputs, active Low). These inputs 
are similar to CTS and DCD. The Z80 DART detects both 
logic level transitions and interrupts the CPU. When not used 
in switched-line applications, these inputs can be used as 
general-purpose inputs. 

RTSA, RTSB. Request to Send (outputs, active Low). When 
the RTS bit is set, the RTS output goes Low. When the RTS bit 
is reset, the output goes High after the transmitter empties. 

TxCA, TxCB. Transmitter Clocks (inputs). TxD changes on 
the falling edge of TxC. The Transmitter Clocks may be 1 , 1 6, 
32, or 64 times the data rate; however, the clock multiplier for 
the transmitter and the receiver must be the same. The 
Transmit Clock inputs are Schmitt-trigger buffered. Both the 
Receiver and Transmitter Clocks may be driven by the Z80 
CTC Counter Time Circuit for programmable baud rate 
generation. 

TxDA, TxDB. Transmit Data (outputs, active High). 



W/RDYA, W/RDYB. Wait/Ready (outputs, open drain when 
programmed for Wait function, driven High and Low when 
programmed for Ready function). These dual-purpose 
outputs may be programmed as Ready lines for a DMA 
controller or as Wait lines that synchronize the CPU to the 
Z80 DART data rate. The reset state is open drain. 
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FUNCTIONAL DESCRIPTION 

The functional capabilities of the Z80 DART can be 
described from two different points of view: as a data 
communications device, it transmits and receives serial 
data, and meets the requirements of asynchronous data 
communications protocols; as a Z80 family peripheral, it 
interacts with the Z80 CPU and other Z80 peripheral 
circuits, and shares the data, address, and control buses, as 
well as being a part of the Z80 interrupt structure. As a 
peripheral to other microprocessors, the Z80 DART offers 
valuable features such as nonvectored interrupts, polling, 
and simple handshake capability. 

The first part of the following functional description 
introduces Z80 DART data communications capabilities; 
the second part describes the interaction between the CPU 
and the Z80 DART. 

The Z80 DART offers RS-232 serial communications 
support by providing device signals for external modem 
control. In addition to dual-channel Request To Send, Clear 
To Send, and Data Carrier Detect ports, the Z80 DART also 
features a dual channel Ring Indicator (RIA, RIB) input to 
facilitate local/remote or station-to-station communication 
capability. Figure 3 is a block diagram. 

Communications Capabilities. The Z80 DART provides 
two independent full-duplex channels for use as an 
asynchronous receiver/transmitter. The following is a short 
description of receiver/transmitter capabilities. For more 
details, refer to the Asynchronous Mode section of the Z80 
SIO Technical Manual (03-3033-01). 

The Z80 DART offers transmission and reception of five to 
eight bits per character, plus optional even or odd parity. The 
transmitter can supply one, one and a half, or two stop bits 
per character and can provide a break output at any time. 
The receiver break detection logic interrupts the CPU both 
at the start and end of a received break. Reception is 
protected from spikes by a transient spike rejection 
mechanism that checks the signal one-half a bit time after a 
Low level is detected on the Receive Data input. If the Low 
does not persist— as in the case of a transient— the 
character assembly process is not started. 

Framing errors and overrun errors are detected and 
buffered together with the character on which they 
occurred. Vectored interrupts allow fast servicing of 
interrupting conditions using * dedicated routines. 
Furthermore, a built-in checking process avoids interpreting 
a framing error as a new start bit: a framing error results in 
the addition of one-half a bit time to the point at which the 
search for the next start bit is begun. 

The Z80 DART does not require symmetric Transmit and 
Receive Clock signals, a feature that allows it to be used with 
a Z80 CTC or any other clock source. The transmitter and 
receiver can handle data at a rate of 1 , 1/16, 1 /32, or 1 /64 of 
the clock rate supplied to the Receive and Transmit Clock 
inputs. When using Channel B, the bit rates for tran smit and 
receive operations mu st be the same because RxC and TxC 
are bonded together (RxTxCB). 
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Figure 3. Block Diagram 



I/O Interface Capabilities. The Z80 DART offers the 
choice of Polling, Interrupt (vectored or non-vectored) and 
Block Transfer modes to transfer data, status, and control 
information to and from the CPU. The Block Transfer mode 
can be implemented under CPU or DMA control. 

Polling. There are no interrupts in the Polled mode. Status 
registers RRO and RR1 are updated at appropriate times for 
each function being performed. All the interrupt modes of 
the Z80 DART must be disabled to operate the device in a 
Polled environment. 

While in its Polling sequence, the CPU examines the status 
contained in RRO for each channel; the RRO status bits serve 
as an acknowledge to the Poll inquiry. The two RRO status 
bits Dq and D 2 indicate that a data transfer is needed. The 
status also indicates Error or other special status conditions. 
The Z80 DART Programming section contains more 
information. The Special Receive Condition status 
contained in RR1 does not have to be read in a Polling 
sequence because the status bits in RR1 are accompanied 
by a Receive Character Available status in RRO. 

Interrupts. The Z80 DART offers an elaborate interrupt 
scheme that provides fast interrupt response in real-time 
applications. As a member of the Z80 family, the Z80 DART 
can be daisy-chained along with other Z80 peripherals for 
peripheral interrupt-priority resolution. In addition, the 
internal interrupts of the Z80 DART are nested to prioritize 
the various interrupts generated by Channels A and B. 
Channel B registers WR2 and RR2 contain the interrupt 
vector that points to an interrupt service routine in the 
memory. To eliminate the necessity of writing a status 
analysis routine, the Z80 DART can modify the interrupt 
vector in RR2 so it points directly to one of eight interrupt 
service routines. This is done under program control by 
setting a program bit (WR1 , D 2 ) in Channel B called "Status 
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Affects Vector." When this bit is set, the interrupt vector in 
RR2 is modified according to the assigned priority of the 
various interrupting conditions. 

Transmit interrupts, Receive interrupts, and External/Status 
interrupts are the main sources of interrupts. Each interrupt 
source is enabled under program control with Channel A 
having a higher priority than Channel B, and with Receiver, 
Transmit, and External/Status interrupts prioritized in that 
order within each channel. When the Transmit interrupt is 
enabled, the CPU is interrupted by the transmit buffer 
becoming empty. (This implies that the transmitter must 
have had a data character written into it so it can become 
empty.) When enabled, the receiver can interrupt the CPU in 
one of three ways: 

■ Interrupt on the first received character 

■ Interrupt on all received characters 

■ Interrupt on a Special receive condition 

Interrupt On First Character is typically used with the Block 
Transfer mode. Interrupt On All Received Characters can 
optionally modify the interrupt vector in the event of a parity 
error. The Special Receive Condition interrupt can occur on 
a character basis. The Special Receive Condition can cause 
an interrupt can occur on a character basis. The Special 
Receive condition can cause an interrupt only if the Interrupt 
On First Received Character or Interrupt On All Received 
Characters mode is selected. In Interrupt On First Receive 



Character, an interrupt can occur from Special Receive 
conditions (except Parity Error) after the first Received 
character interrupt (example: Receive Overrun interrupt). 

The main function of the Extern al/Status in terrupt is to 
monitor the signal transitions of the CTS, DCD, and Rl pins; 
however, an External/Status interrupt is also caused by the 
detection of a Break sequence in the data stream. The 
interrupt caused by the Break sequence has a special 
feature that allows the Z80 DART to interrupt when the Break 
sequence is detected or terminated. This feature facilitates 
the proper termination of the current message, correct 
initialization of the next message, and the accurate timing of 
the Break condition. 

CPU/DMA Block Transfer. The Z80 DART provides a Block 
Transfer mode to accommodate CPU block transfer 
functions and DMA block transfers (Z80 D MA or other 
designs). The Block Transfer mode uses the W/RDY output 
in conj uncti on with the Wait/Ready bits of Write Register 1 . 
The W/RDY output can be defined under software control as 
a Wait line in the CPU Block Transfer mode or as a Ready line 
in the DMA Block Transfer mode. 

To a DMA controller, the Z80 DART Ready output indicates 
that the Z80 DART is ready to transfer data to or from 
memory. To the CPU, the Wait output indicates that the Z80 
DART is not ready to transfer data, thereby requesting the 
CPU to extend the I/O cycle. 



INTERNAL ARCHITECTURE 



The device internal structure includes a Z80 CPU interface, 
internal control and interrupt logic, and two full-duplex 
channels. Each channel contains read and write registers, 
and discrete control and status logic that provides the 
interface to modems or other external devices. 

The read and write register group includes five 8-bit control 
registers and two status registers. The interrupt vector is 
written into an additional 8-bit register (Write Register 2) in 
Channel B, that may be read through Read Register 2 in 
Channel B. The registers for both channels are designated 
as follows: 

WR0-WR5 Write Registers through 5 
RR0-RR2 Read Registers through 2 

The bit assignment and functional grouping of each register 
is configured to simplify and organize the programming 
process. 

The logic for both channels provides formats, bit 
synchronization, and validation for data transferred to and 
from the channel interface. The modem c ontro l inputs Clear 
to Send (CTS), Data Carrier Detect (DCD), and Ring 



Indicator (Rl) are monitored by the control logic under 
program control. All the modem control signals are general 
purpose in nature and can be used for functions other than 
modem control. 

For automatic interrupt vectoring, the interrupt control logic 
determines which channel and which device within the 
channel has the highest priority. Priority is fixed with 
Channel A assigned a higher priority than Channel B; 
Receive, Transmit, and External/Status interrupts are 
prioritized in that order within each channel. 

Data Path. The transmit and receive data path illustrated for 
Channel A in Figure 4 is identical for both channels. The 
receiver has three 8-bit buffer registers in a FIFO 
arrangement in addition to the 8-bit receive shift register. 
This scheme creates additional time for the CPU to service a 
Receive Character Available interrupt in a high-speed data 
transfer. 

The transmitter has an 8-bit transmit data register that is 
loaded from the internal data bus, and a 9-bit transmit shift 
register that is loaded from the transmit data register. 
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Figure 4. Data Path 



READ, WRITE AND INTERRUPT TIMING 

Read Cycle. The timing signals generated by a Z80 CPU 
input instruction to read a Data or Status byte from the Z80 
DART are illustrated in Figure 5. 

Write Cycle. Figure 6 illustrates the timing and data signals 
generated by a Z80 CPU output instruction to write a Data or 
Control byte into the Z80 DART. 

Interrupt Acknowledge Cycle. (Figure 7) After receiving 
an Interrupt Request signal (INT pulled Low), th e Z80 CPU 
sends an Interrupt Acknowledge signal (M1 and IORQ both 
Low). The daisy-chained interrupt circuits determine the 
highest priority interrupt requestor. The I El of the highest 
priority peripheral is terminated High. For any peripheral 



that has no interrupt pending or under service, IEO = IEI. 
Any peripheral that does have an interrupt pending or under 
service forces its IEO Low. 

To insure stable conditions in the daisy chain, all interrupt 
status signal s are prevented from changing while M1 is Low. 
When IORQ is Low, the highest priority interrupt requestor 
(the one with I El High) places its interrupt vector on the data 
bus and sets its internal interrupt-under-service latch. 

Refer to the Technical Manual (03-3033-01) for additional 
details on the interrupt daisy chain and interrupt nesting. 
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Figure 5. Read Cycle 



Figure 6. Write Cycle 
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Figure 7. Interrupt Acknowledge Cycle 
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Figure 8. Return from Interrupt Cycle 



Return From Interrupt Cycle. (Figure 8) Normally, theZ80 
CPU issues an RETI (Return From Interrupt) instruction at 
the end of an interrupt service routine. RETI is a 2-byte 
opcode (ED-4D) that resets the interrupt-under-service latch 
to terminate the interrupt that has just been processed. 



When used with other CPUs, the Z80 DART allows the user 
to return from the interrupt cycle with a special command 
called "Return From Interrupt" in Write Register of 
Channel A. This command is interpreted by the Z80 DART in 
exactly the same way it would interpret an RETI command 
on the data bus. 



Z80 DART PROGRAMMING 

To program the Z80 DART, the system program first issues a 
series of commands that initialize the basic mode and then 
other commands that qualify conditions within the selected 
mode. For example, the character length, clock rate, 
number of stop bits, even or odd parity are first set, then the 
Interrupt mode and, finally, receiver or transmitter enable. 



Both channels contain command registers that must be 
programmed via the system program prior to operation. The 
Channel Select input (B/A) and the Control/Data input (C/D) 
are the command structure addressing controls, and are 
normally controlled by the CPU address bus. 



Write Registers. The Z80 DART contains six registers 
(WR0-WR5) in each channel that are programmed 
separately by the system program to configure the 
functional personality of the channels (Figure 4). With the 
exception of WRO, programming the write registers requires 
two bytes. The first byte contains three bits (D0-D2) that point 
to the selected register; the second byte is the actual control 
word that is written into the register to configure the Z80 
DART. 

WRO is a special case in that all the basic commands 
(CMD0-CMD2) can be accessed with a single byte. Reset 
(internal or external) initializes the pointer bits D0-D2 to point 
to WRO. This means that a register cannot be pointed to in 
the same operation as a channel reset. 

Write Register Functions 

WRO Register pointers, initialization commands for the various 

modes 
WR1 Transmit/Receive interrupt and data transfer mode 

definition 

WR2 Interrupt vector (Channel B only) 

WR3 Receive parameters and control 

WR4 Transmit/Receive miscellaneous parameters and modes 

WR5 Transmit parameters and controls 



Read Registers. The Z80 DART contains three registers 
(RR0-RR2) that can be read to obtain the status information 
for each channel (except for RR2, which applies to Channel 
B only). The status information includes error conditions, 
interrupt vector, and standard communications-interface 
signals. 

To read the contents of a selected read register other than 
RRO, the system program must first write the pointer byte to 
WRO in exactly the same way as a write register operation. 
Then, by executing an input instruction, the contents of the 
addressed read register can be read by the CPU. 

The status bits of RRO and RR1 are carefully grouped to 
simplify status monitoring. For example, when the interrupt 
vector indicates that a Special Receive Condition interrupt 
has occurred, all the appropriate error bits can be read from 
a single register (RR1). 



Read Register Functions 

RRO Transmit/Receive buffer status, interrupt status and 

external status 
RR1 Special Receive Condition status 
RR2 Modified interrupt vector (Channel B only) 
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Z80 DART READ AND WRITE REGISTERS 



READ REGISTER 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | d7] 



U: 



L R X CHARACTER AVAILABLE 
INT PENDING (CH A ONLY) 



■ Tx BUFFER EMPTY 

■ DCD 

" R ' I USED WITH "EXTERNAL/ 

■ CTS \ STATUS INTERRUPT" 

- NOT USED M0DE 

- BREAK 



READ REGISTER 1 * 



D 7 D 6 D 5 D 4 D 3 



P 2 | Pi | Dp | 

L- ALL SENT 
NOT USED 



- PARITY ERROR 

- Rx OVERRUN ERROR 

- FRAMING ERROR 

- NOT USED 



"Used With Special Receive Condition Mode. 



READ REGISTER 2 

I D 7 I D 6 I D 5 I D 4 I D 3 I D 2 I I 



H 



l±\ 



V4 

V5 

V6 

V7 

•Variable if "Status Affects Vector" 
is Programmed 



INTERRUPT 
VECTOR 
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s 
s 
s 



WRITE REGISTER 



I D 7 | D 6 | D 5 | D 4 1 D 3 | D 2 | D, | D | 



REGISTER 
REGISTER 1 
REGISTER 2 
REGISTER 3 
REGISTER 4 
REGISTER 5 



NULL CODE 
NOT USED 

RESET EXT/STATUS INTERRUPTS 
CHANNEL RESET 

ENABLE INT ON NEXT Rx CHARACTER 
RESET TxINT PENDING 
ERROR RESET 

RETURN FROM INT(CH-A ONLY) 
- NOT USED 



WRITE REGISTER 1 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D 



L!: 



EXT INT ENABLE 
Tx INT ENABLE 
STATUS AFFECTS VECTOR 
(CH. B ONLY) 



Rx INT DISABLE 

Rx INT ON FIRST CHARACTER 

INT ON ALL Rx CHARACTERS (PARITY 

AFFECTS VECTOR) 
INT ON ALL Rx CHARACTERS (PARITY 

DOES NOT AFFECT VECTOR) 

■ WAIT/READY ON R/T 

■ WAIT/READY FUNCTION 

■ WAIT/READY ENABLE 



OR ON 
SPECIAL 
RECEIVE 
CONDITION 



WRITE REGISTER 2 (Channel B only) 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D 1 | d7| 



Lh 1 

I «1 



■ V5 

■ V6 

■ V7 



" V3 I INTERRUPT 
. va f VECTOR 



WRITE REGISTER 3 




Li 


D 6 | D 8 | D, | D, | D 2 | D, 


kl 












L 



















■ Rx ENABLE 

- NOT USED (MUST BE PROGRAMMED 0) 

AUTO ENABLES 





Rx 5 BITS/CHARACTER 
Rx 7 BITS/CHARACTER 

Rx 6 BITS/CHARACTER 

1 Rx 8 BITS/CHARACTER 



WRITE REGISTER 4 



* 



D 6 D 5 



D 3 



H3 



i± 



PARITY ENABLE 

parity even/Odd 



NOT USED 

1 STOP BIT/CHARACTER 
Vh STOP BITS/CHARACTER 

2 STOP BITS/CHARACTER 
- NOT USED 



X1 CLOCK MODE 
X16 CLOCK MODE 
X32 CLOCK MODE 
X64 CLOCK MODE 



WRITE REGISTER 5 



D 7 | D 6 


D 5 | D 4 | D 3 | D 2 | D 1 | D | 






L!: 



NOT USED 
RTS 

NOT USED 
■ Tx ENABLE 
SEND BREAK 



Tx 5 BITS (OR LESS)/CHARACTER 
Tx 7 BITS/CHARACTER 
Tx 6 BITS/CHARACTER 
Tx 8 BITS/CHARACTER 

- DTR 
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ABSOLUTE MAXIMUM RATINGS 



Voltages on all pins with respect 

toGND -0.3Vto+7V 

Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°Cto +150°C 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above those indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



STANDARD TEST CONDITIONS 

The DC characteristics and capacitance sections listed 
below apply for the following standard test conditions, 
unless otherwise noted. All voltages are referenced to GND 
(OV). Positive current flows into the referenced pin. 

Available operating temperature ranges are: 

■ S = 0°C to + 70°C, + 4.75V <V CC < + 5.25V 

■ E = -40°Cto +85°C, + 4.75V <V CC < + 5.25V 

■ M = -55°Cto +125°C, +4.5V<V C c< +5.5V 

The Ordering Information section lists package temperature 
ranges and product numbers. Package drawings are in the 
Package Information section. Refer to the Literature List for 
additional documentation. 



FROM OUTPUT , 
UNDER TEST v 



100P. 4= &g 




DC CHARACTERISTICS 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


V|LC 


Clock Input Low Voltage 


-0.3 


+ 0.45 


V 




V|HC 


Clock Input High Voltage 


Vcc-0.6 


+ 5.5 


V 




V|L 


Input Low Voltage 


-0.3 


+ 0.8 


V 




V| H 


Input High Voltage 


+ 2.0 


+ 5.5 


V 




Vol 


Output Low Voltage 




+ 0.4 


V 


Iol = 2.0 mA 


VOH 


Output High Voltage 


+ 2.4 




V 


l H= -250/iA 


II 


lnput/3-State Output Leakage Current 


-10 


+ 10 


ma 


0.4 <V iN < 2.4V 


Il(ri) 


Rl Pin Leakage Current 


-40 


+ 10 


ma 


0.4 <V !N < 2.4V 


'cc 


Power Supply Current 




100 


mA 




T A = 0°Cto70 


D C,V CC = +5V, ±50/o. 











CAPACITANCE 



Symbol 



Parameter 



Min 



Max 



Unit 



c 


Clock Capacitance 


C|N 


Input Capacitance 


COUT 


Output Capacitance 



40 


pf 


5 


pf 


15 


pf 



Over specified temperature range; f = 1 MHz. 
Unmeasured pins returned to ground. 
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AC CHARACTERISTICS TIMING 



CE, C/D, B/A 



IORQ, RD 



D0-D7 




N 

s 
g 
s 
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AC CHARACTERISTICS 



Number Symbol 



Parameter 



Z80 DART 
Min Max 



Z80ADART 
Min Max 



Z80B DART* 
Min Max 



1 TcC 

2 TwCh 

3 TfC 

4 TrC 

5 TwCI 



Clock Cycle Time 
Clock Width (High) 
Clock Fall Time 
Clock Rise Time 
Clock Width (Low) 



400 4000 

170 2000 

30 

30 

170 2000 



250 
105 



105 



4000 

2000 

30 

30 

2000 



165 
70 



70 



4000 

2000 

15 

15 

2000 



9 
10 



TsAD(C) CE, C/D, B/A to Clock t Setup Time 1 60 

TsCS(C) IORQ, RD to Clock t Setup Time 240 

TdC(DO) Clock t to Data Out Delay 

TsDI(C) Data In to Clock t Setup (Write or M1 Cycle) 50 

TdRD(DOz) RD t to Data Out Float Delay 



240 



230 



145 
115 

50 



220 



110 



60 
60 

30 



150 
90 



1 1 TdlO(DOI) IORQ I to Data Out Delay (INTACK Cycle) 

12 TsM1(C) Ml to Clock t Setup Time 

13 TslEI(IO) IEI to [ORQ I Setup Time (INTACK Cycle) 

14 TdM1(IEO) Ml Ito IEO* Delay (interrupt before M1) 

1 5 TdlEI(IEOr) IEI t to IEO t Delay (after ED decode) 



210 
200 



340 



300 
150 



90 
140 



160 



190 
100 



75 
120 



100 



160 
70 



16 TdlEI(IEOf) IEU to IEO I Delay 

17 TdC(INT) Clock t to INT I Delay 

18 TdlO(W/RWf) iORQIorCE^toW/RDYIDelay(WaitMode) 

1 9 TdC(W/RR) Clock t to W/RDY I Delay (Ready Mode) 

20 TdC(W/RWz) Clock I to W/RDY Float Delay (Wait Mode) 



150 
200 
300 
120 
150 



100 
200 
210 
120 
130 



70 
150 
175 
100 
110 



* Units in nanoseconds (ns). 
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AC CHARACTERISTICS (Continued) 



CT3, DCD, SYNC 




«« ® H •«— 

-« (J2>— *"*—( 



X 



-O- 



V 



X 



-©- 



■H 



y 



-®- 



X 



N 

00 

o 

5 
3 



Number Symbol 



Parameter 



Z80DART Z80ADART Z80BDART 
Min Max Min Max Min Max 



Notes* 



1 


TwPh 


Pulse Width (High) 


200 




200 




200 




2 


2 


TwPI 


Pulse Width (Low) 


200 




200 




200 




2 


3 


TcTxC 


TxC Cycle Time 


400 


oo 


400 


oo 


330 


oo 


2 


4 


TwTxCI 


TxC Width (Low) 


180 


oo 


180 


00 


100 


00 


2 


5 


TwTxCh 


TxC Width (High) 


180 


oo 


180 


00 


100 


oo 


2 


6 


TdTxC(TxD) 


TkC* to TxD Delay 




400 




300 




220 


2 


7 


TdTxC(VWRRf) 


TxC I to W/RDY 1 Delay (Ready Mode) 


5 


9 


5 


9 


5 


9 


1 


8 


TdTxC(INT) 


TxC 4 to INT \ Delay 


5 


9 


5 


9 


5 


9 


1 


9 


TcRxC 


RxC Cycle Time 


400 


oo 


400 


oo 


330 


oo 


2 


10 


TwRxCI 


RxC Width (Low) 


180 


00 


180 


00 


100 


00 


2 


11 


TwRxCh 


RxC Width (High) 


180 


00 


180 


00 


100 


00 


2 


12 


TsRxD(RxC) 


RxD to RxC t Setup Time (x1 Mode) 

















2 


13 


ThRxD(RxC) 


RxD Hold Time (x1 Mode) 


140 




140 




100 




2 


14 


TdRxC(W/RRf) 


RxC t to W/RDY 4 Delay (Ready Mode) 


10 


13 


10 


13 


10 


13 


1 


15 


TdRxC(INT) 


RxC t to INT 4 Delay 


10 


13 


10 


13 


10 


13 


1 



' In all modes, the System Clock rate must be at least five times the maximum data rate. RESET must be active a minimum of one complete clock cycle. 

1 . Units equal to System Clock Periods 

2. Units in nanoseconds (ns) 
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ORDERING INFORMATION 



Z80 DART, 2.5 MHz Z80B DART, 6.0 MHz 
40-pin DIP 40-pin DIP 

Z8470 PS Z8470B PS 

Z8470CS Z8470BCS 

Z8470 PE 
Z8470CE 

Z80A DART, 4.0 MHz 
40-pin DIP 

Z8470A PS 
Z8470A CS 
Z8470A PE 
Z8470ACE 



Codes 

First letter is for package; second letter is for temperature. 

C = Ceramic DIP R = Protopack 

P = Plastic DIP T = Low Profile Protopack 

L = Ceramic LCC DIP = Dual-ln-Line Package 

V = Plastic PCC LCC = Leadless Chip Carrier 



PCC = Plastic Chip Carrier (Leaded) 



TEMPERATURE FLOW 

S = 0°C to + 70°C B = 883 Class B 

E = -40°Cto+85°C 

M*= -55°Cto+125°C 

Example: PS is a plastic DIP, 0°C to + 70°C. 

fAvailable soon. 

* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 
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00-2044-03 



Z80L 



Family 



Zilog 



Z8300 Low Power 

Z80®LCPU 

Central Processing Unit 



Zilog 



Product 
Specification 



April 1985 



Features ■ The Z80L combines the high performance of 

the Z80 CPU with extremely low power con- 
sumption. It has the identical pinout and 
instruction set of the Z80. The result is 
increased reliability and lower system power 
requirements. This dramatic power savings 
makes the Z80L a natural choice for both 
hand- held and battery backup applications. 

■ The Z80L CPU is offered in two versions: 
Z8300-1— 1.0 MHz clock, 15 mA typical cur- 
rent consumption 

Z8300-3— 2.5 MHz clock, 25 mA typical cur- 
rent consumption 

■ The extensive instruction set contains 158 
instructions, resulting in sophisticated data 
handling capabilities. The 78 instructions of 
the 8080A are included as a subset; 8080A 
and Z80 Family software compatibility is 
maintained. 



The Z80L microprocessors and associated 
family of peripheral controllers are linked 
by a vectored interrupt system. This system 
can be daisy- chained to allow implementa- 
tion of a priority interrupt scheme. Little, if 
any, additional logic is required for daisy- 
chaining. 

Duplicate sets of both general-purpose and 
flag registers are provided, easing the 
design and operation of system software. 
Two 16-bit index registers facilitate program 
processing of tables and arrays. 

There are three modes of high-speed inter- 
rupt processing: 8080 similar, non-Z80 
peripheral device, and Z80 Family 
peripheral with or without daisy chain. 

On-chip dynamic memory refresh counter. 



SYSTEM 
CONTROL 



CPU 
CONTROL 



CPU 
BUS i 
CONTROL 





M1 


Ao 






f 






Ai 


»>- 




MREQ 
IORQ 
R~D 
WR 

RFSH 


A 2 
A 3 
A 4 
A 5 
As 
A? 


► 








HALT 


A 8 
A 9 

A10 
















WAIT 

Z8300 
Z80LCPU 

INT 


An 
A 12 
A13 


















NMI 


Au 
A15 














- 


RESET 


Do 
Di 
D 2 
D3 
D 4 
D 5 
D 6 
D 7 






BUSREQ 
BUSACK 

CLK 
+ 5V 










GND 





ADDRESS 
BUS 



DATA 
BUS 





KJ 






An C 


1 


40 


2 A 10 


A12 C 


2 


39 


Da 9 


A13 C 


3 


38 


]*. 


Au C 




37 


3*/ 


AisC 


5 


36 


2** 


CLK £ 


6 


35 


2* 


D4C 


^ 


34 


2** 


D 3 C 


8 


33 


2 A3 


°»C 


9 


32 


]A 2 


D»C 


10 Z8300 


31 


3*1 


+5v f_; 


11 Z80LCPU 


30 


3* 


d 2L : 


12 


29 


] GND 


*C 


13 


28 


] RFSH 


DoC 


14 


27 


2 Ml 


"iC 


15 


26 


2 RESET 


INT h 


16 


25 


] BUSREQ 


NMI £ 


17 


24 


] WAIT 


HALT £ 


18 


23 


] BUSACK 


MREQ £ 


19 


22 


2 WR 


IORQ £ 


20 


21 


JJRD 



Figure 1. Pin Functions 



Figure 2. 40-pin Dual-In-Line Package (DIP) 
Pin Assignments 



2189-001,002 
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General The Z80L CPUs are fourth- generation 

Description microprocessors with exceptional computa- 
tional power. They offer high system 
throughput and efficient memory utilization 
combined with extremely low power consump- 
tion. The internal registers contain 208 bits of 
read/write memory that are accessible to the 
programmer. These registers include two sets 
of six general-purpose registers which may be 
used individually as either 8-bit registers or as 
16-bit register pairs. In addition, there are two 
sets of accumulator and flag registers. A group 
of "Exchange" instructions makes either set of 
main or alternate registers accessible to the 
programmer. The alternate set allows operation 
in foreground-background mode or it may be 
reserved for very fast interrupt response. 

The Z80L also contains a Stack Pointer, Pro- 
gram Counter, two index registers, a Refresh 
register (counter), and an Interrupt register. 
The CPU is easy to incorporate into a system 
since it requires only a single + 5 V power 



source, all output signals are fully decoded 
and timed to control standard memory or 
peripheral circuits, and it is supported by an 
extensive family of peripheral controllers. The 
internal block diagram (Figure 3) shows the 
primary functions of the Z80L processors. 
Subsequent text provides more detail on the 
Z80L I/O controller family, registers, instruc- 
tion set, interrupts and daisy chaining, CPU 
timing, and low power requirements. 

Z80L Low Power Feature. The Z80L Family 
offers state-of-the-art microprocessor perfor- 
mance with extremely low power consumption. 
Its low power requirement rivals comparable 
CMOS microprocessors. The Z80L Family's 
lower power consumption provides the ability 
to reduce system power requirements and 
enables its use in applications not previously 
possible. The Z80L is very well suited to bat- 
tery backup applications or to systems 
operating primarily on batteries in hand- held 
or portable systems. 



^ 



<*£. 



CPU 
TIMING 
CONTROL 



=>■ 



£ 



77 



INTERNAL DATA BUS 



} 



Z*> 



8 SYSTEMS 5 CPU 

AND CPU CONTROL 

CONTROL INPUTS 
OUTPUTS 






ADDRESS 
LOGIC AND 
BUFFERS 



IT 



16-BIT 
ADDRESS BUS 



Figure 3. Z80L CPU Block Diagram 
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Z80L Micro- The Zilog Z80L microprocessor is the central 

processor element of a comprehensive microprocessor 

Family product family. This family works together in 

most applications with minimum requirements 
for additional logic, facilitating the design of 
efficient and cost-effective microcomputer- 
based systems. 

The Z80 Family components provide exten- 
sive support for the Z80L microprocessor. 
These are: 

■ The PIO (Parallel Input/Output) operates in 
both data- byte I/O transfer mode (with 
handshaking) and in bit mode (without 
handshaking) . The PIO may be config- 
ured to interface with standard parallel 



peripheral devices such as printers, 
tape punches, and keyboards. 

The CTC (Counter/Timer Circuit) features 
four programmable 8-bit counter/timers, 
each of which has an 8-bit prescaler. Each 
of the four channels may be configured to 
operate in either counter or timer mode. 

The SIO (Serial Input/Output) controller 
offers two channels. It is capable of 
operating in a variety of programmable 
modes for both synchronous and asyn- 
chronous communication, including 
Bi- Synch and SDLC. 



Z80L CPU Figure 4 shows three groups of registers 

Registers within the Z80L CPU. The first group consists 

of duplicate sets of 8-bit registers: a principal 
set and an alternate set (designated by ' 
[prime], e.g., A'). Both sets consist of the 
Accumulator Register, the Flag Register, and 
six general-purpose registers. Transfer of data 
between these duplicate sets of registers is 
accomplished by use of "Exchange" instruc- 
tions. The result is faster response to interrupts 
and easy, efficient implementation of such ver- 
satile programming techniques as background- 



foreground data processing. The second set of 
registers consists of six registers with assigned 
functions. These are the I (Interrupt Register), 
the R (Refresh Register), the IX and IY (Index 
Registers), the SP (Stack Pointer), and the PC 
(Program Counter). The third group consists of 
two interrupt status flip-flops, plus an addi- 
tional pair of flip-flops which assists in identi- 
fying the interrupt mode at any particular 
time. Table 1 provides further information on 
these registers. 



MAIN REGISTER SET 



ALTERNATE REGISTER SET 



A ACCUMULATOR 


F FLAG REGISTER 


A' ACCUMULATOR 


F' FLAG REGISTER 


B GENERAL PURPOSE 


C GENERAL PURPOSE 


B' GENERAL PURPOSE 


C GENERAL PURPOSE 


D GENERAL PURPOSE 


E GENERAL PURPOSE 


D' GENERAL PURPOSE 


E' GENERAL PURPOSE 


H GENERAL PURPOSE 


L GENERAL PURPOSE 


H' GENERAL PURPOSE 


L' GENERAL PURPOSE 



-* — 


16 BITS 


*• 


IX INDEX REGISTER 


IY INDEX REGISTER 


SP STACK POINTER 


PC PROGRAM COUNTER 


1 INTERRUPT VECTOR 


R MEMORY REFRESH 



INTERRUPT FLIP-FLOPS STATUS 



= INTERRUPTS DISABLED 

1 = INTERRUPTS ENABLED 



STORES IFF1 

DURING NMi 

SERVICE 



INTERRUPT MODE FLIP-FLOPS 



IMF a 


IMF b 



INTERRUPT MODE 

1 NOT USED 

INTERRUPT MODE 1 

1 INTERRUPT MODE 2 



Figure 4. CPU Registers 
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Z80L CPU 
Registers 

(Continued) 





Register 


Size (Bits) 


A, A' 


Accumulator 


8 


F, F' 


Flags 


8 


B, B' 


General Purpose 


8 


c, e 


General Purpose 


8 


D, D' 


General Purpose 


8 


E, E' 


General Purpose 


8 


H, H' 


General Purpose 


8 


L, L' 


General Purpose 


8 



I 




Interrupt Register 


8 


R 




Refresh Register 


8 


IX 




Index Register 


16 


IY 




Index Register 


16 


SP 




Stack Pointer 


16 


PC 




Program Counter 


16 


IFFj 


,-IFF 2 


Interrupt Enable 


Fhp-Flops 


IMF 


a-IMFb 


Interrupt Mode 


Flip-Flops 



Remarks 

Stores an operand or the results of an operation. 

See Instruction Set. 

Can be used separately or as a 16-bit register with C. 

See B, above. 

Can be used separately or as a 16-bit register with E. 

See D, above. 

Can be used separately or as a 16-bit register with L. 

See H, above. 

Note: The (B,C), (D,E), and (H,L) sets are combined as follows: 
B — High byte C — Low byte 
D — High byte E — Low byte 
H — High byte L — Low byte 

Stores upper eight bits of memory address for vectored interrupt 
processing. 

Provides user-transparent dynamic memory refresh. Lower seven 
bits are automatically incremented and all eight are placed on 
the address bus during each instruction fetch cycle refresh time. 

Used for indexed addressing. 

Same as IX, above. 

Holds address of the top of the stack. See Push or Pop in instruc- 
tion set. 
Holds address of next instruction. 
Set or reset to indicate interrupt status (see Figure 4). 
Reflect Interrupt mode (see Figure 4). 



Table 1. Z80L CPU Registers 



Interrupts: Th e CPU accepts two interrupt input signals: 

General NMI and INT. The NMI is a non-maskable 

Operation interrupt and has the highest priority. INT is a 
lower priority interrupt and it requires that 
interrupts be enabled in software in order to 
operate. INT can be connected to multiple 
peripheral devices in a wired-OR 
configuration. 

The Z80L has a single response mode for 
interrupt service for the non- mask able inter- 
rupt. The maskable interrupt, INT, has three 
programmable response modes available. 
These are: 

■ Mode — similar to the 8080 micro- 
processor. 



■ Mode 1 — Peripheral Interrupt service, for 
use with non-8080/Z80 systems. 

■ Mode 2 — a vectored interrupt scheme, 
usually daisy-chained, for use with Z80 
Family and compatible peripheral devices. 

Th e C PU se rvices interrupts by sampling the 
NMI and INT signals at the rising edge of the 
last clock of an instruction. Further interrupt 
service processing depends upon the type of 
interrupt that was detected. Details on inter- 
rupt responses are shown in the CPU Timing 
Section. 
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Interrupts: Non-Maskable Interrupt (NMI). The non- 
General maskable interrupt cannot be disabled by pro- 
Operation gram control and t heref ore will be accepted all 
(Continued) times by the CPU. NMI is usually reserved for 
servicing only the highest priority type inter- 
rupts, such as that for orderly shutdown after 
power failure has been detected. After 
recogniti on of the NMI signal (providing 
BUSREQ is not active), the CPU jumps to 
restart location 0066H. Normally, software 
starting at this address contains the interrupt 
service routine. 

Maskable Interrupt (INT). Regardless of the 
interrupt mode set by the user, the Z80L 
response to a maskable interrupt input follows 
a common timing cycle. After the interrupt has 
been detected by the CPU (provided that 
interrupts are enabled and BUSREQ is not 
active) a special interrupt proc essin g cycle 
begins . This is a special fetch (Ml) cycle in 
which IORQ becomes active rather than 
MREQ, as in_a normal Ml cycle. In addition, 
this sp ecial M l cycle is automatically extended 
by two WAIT states, to allow for the time 
required to acknowledge the interrupt request 
and to place the interrupt vector on the bus. 

Mode Interrupt Operation. This mode is 
similar to the 8080 microprocessor interrupt 
service procedures. The interrupting device 
places an instruction on the data bus. This is 
normally a Restart instruction, which will in- 
itiate a call to the selected one of eight restart 
locations in page zero of memory. Unlike the 
8080, the Z80 CPU responds to the Call in- 
struction with only one interrupt acknowledge 
cycle followed by two memory read cycles. 

Mode 1 Interrupt Operation. Mo de 1 o per- 
ation is very similar to that for the NMI. The 
principal difference is that the Mode 1 inter- 
rupt has a vector address of 0038H only. 

Mode 2 Interrupt Operation. This interrupt 
mode has been designed to utilize most effec- 
tively the capabilities of the Z80L microproc- 
essor and its associated peripheral family. The 
interrupting peripheral device selects the 
starting address of the interrupt service 
routine. It does this by placing an 8-bit vector 
on the data bus during the interrupt 
acknowledge cycle. The CPU forms a pointer 
using this byte as the lower 8 bits and the con- 
tents of the I register as the upper 8 bits. This 
points to an entry in a table of addresses for 
interrupt service routines. The CPU then calls 
the routine at that address. This flexibility in 
selecting the interrupt service routine address 



allows the peripheral device to use several dif- 
ferent types of service routines. These routines 
may be located at any available location in 
memory. Since the interrupting device sup- 
plies the low-order byte of the 2-byte vector, 
bit (Ao) must be a zero. 

Interrupt Priority (Daisy Chaining and 
Nested Interrupts). The interrupt priority of 
each peripheral device is determined by its 
physical location within a daisy-chain config- 
uration. Each device in the chain has an inter- 
rupt enable input line (IEI) and an interrupt 
enable output line (IEO), which is fed to the 
next lower priority device. The first device in 
the daisy chain has its IEI input hardwired to a 
High level. The first device has highest priori- 
ty, while each succeeding device has a cor- 
responding lower priority. This arrangement 
permits the CPU to select the highest priority 
interrupt from several simultaneously interrup- 
ting peripherals. 

The interrupting device disables its IEO line 
to the next lower priority peripheral until it has 
been serviced. After servicing, its IEO line is 
raised, allowing lower priority peripherals to 
demand interrupt servicing. 

The Z80L CPU will nest (queue) any pending 
interrupts or interrupts received while a 
selected peripheral is being serviced. 

Interrupt Enable/Disable Operation. Two 

flip-flops, IFF] and IFF2, referred to in the 
register description are used to signal the CPU 
interrupt status. Operation of the two flip-flops 
is described in Table 2. For more details, refer 
to the Z80 CPU Technical Manual and Z80 
Assembly Language Manual. 



Action 



IFFj IFF2 Comments 



CPU Reset 








Maskable interrupt 
INT disabled 


DI instruction 
execution 








Maskable interrupt 
INT disabled 


EI instruction 
execution 


1 


1 


Maskable interrupt 
INT enabled 


LD A, I instruction 
execution 


• 


• 


IFF2 — Parity flag 


LD A,R instruction 
execution 


• 


• 


IFF2 — Parity flag 


Accept NMI 





IFF! 


IFFi - IFF 2 
(Maskable inter- 
rupt INT disabled) 


RETN instruction 
execution 


IFF 2 


• 


IFF 2 - IFFi at 
completion of an 
NMI service 
routine. 



Table 2. State of Flip-Flops 
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Instruction The Z80L microprocessor has one of the most 

Set powerful and versatile instruction sets 

available in any 8-bit microprocessor and 
identical to that of the Z80. It includes such 
unique operations as a block move for fast, 
efficient data transfers within memory or 
between memory and I/O. It also allows opera- 
tions on any bit in any location in memory. 

The following is a summary of the Z80L 
instruction set and shows the assembly 
language mnemonic, the operation, the flag 
status, and gives comments on each instruc- 
tion. The Z80 CPU Technical Manual 
(03-0029-XX) and Assembly Language 
Programming Manual (03-0002-XX) 
contain significantly more details for 
programming use. 

The instructions in Table 2 are divided into 
the following categories: 

□ 8-bit loads 
D 16-bit loads 

□ Exchanges, block transfers, and searches 

□ 8-bit arithmetic and logic operations 

□ General- purpose arithmetic and CPU 
control 



D 16-bit arithmetic operations 

□ Rotates and shifts 

□ Bit set, reset, and test operations 

□ Jumps 

□ Calls, returns, and restarts 

D Input and output operations 

A variety of addressing modes are 
implemented to permit efficient and fast data 
transfer between various registers, memory 
locations, and input/output devices. These 
addressing modes include: 

□ Immediate 

□ Immediate extended 

□ Modified page zero 

□ Relative 

□ Extended 

□ Indexed 

□ Register 

□ Register indirect 

□ Implied 

□ Bit 



8-Bit 
Load 
Group 



Symbolic 
Operation 



Flags 

H P/V N C 



Opcodo No.of No.oi M No.of T 

76 543 210 Hox Bytos Cycles States 



LD r, r' 


r — r' 


• 


• 


X 


• 


X 


• 


• • 


01 r r' 




1 


1 


4 


r, r' 


Reg. 


LDr, n 


r — n 


• 


• 


X 


• 


X 


• 


• • 


00 r 110 
— n — 




2 


2 


7 


000 
001 


B 

c 


LD r, (HL) 


r - (HL) 


• 


• 


X 


• 


X 


• 


• • 


01 r 110 




1 


2 


7 


010 


D 


LDr, (IX + d) 


r - (IX + d) 






X 




X 






11 011 101 
01 r 110 

- d - 


DD 


3 


5 


19 


011 
100 
101 


E 
H 
L 


LDr, (IY + d) 


r- (IY + d) 


' 




X 


' 


X 


* 




11 111 101 

01 r HO 

-d~ 


FD 


3 


5 


19 


111 


A 


LD (HL), r 


(HL) - r 


• 


• 


X 


• 


X 


• 


• • 


01 110 r 




1 


2 


7 






LD(IX + d), r 


(IX + d) - r 






X 




X 






11 011 101 

01 110 r 

-ji- 


DD 


3 


5 


19 






LD(IY + d), r 


(IY + d) - r 


' 




X 


' 


X 


' 




ll 111 101 

01 110 r 

- d- 


FD 


3 


5 


19 






LD (HL), n 


(HL) - n 


• 


• 


X 


• 


X 


• 


• • 


00 110 110 


36 


2 


3 


10 






LD<IX + d), n 


(IX + d) - n 


• 


• 


X 


• 


X 


• 


• • 


11 011 101 

00 110 110 

- d - 


DD 
36 


4 


5 


19 






LD(IY + d), n 


(IY + d) - n 






X 




X 


• 




11 111 101 
00 110 110 

- d - 

— n — 


FD 
36 


4 


5 


19 






LD A, (BC) 


A - (BC) 


• 


• 


X 


• 


X 


• 


• • 


00 001 010 


0A 


1 


2 


7 






LD A, (DE) 


A - (DE) 


• 


• 


X 


• 


X 


• 


• • 


00 011 010 


1A 


1 


2 


7 






LD A, (nn) 


A - (nn) 






X 




X 






00 111 010 
— n — 


3A 


3 


4 


13 






LD (BC), A 


(BC) - A 


• 


• 


X 


• 


X 


• 


• • 


00 000 010 


02 


1 


2 


7 






LD (DE), A 


(DE) - A 


• 


• 


X 


• 


X 


• 


• • 


00 010 010 


12 


1 


2 


7 






LD (nn), A 


(nn) - A 






X 




X 


' 




00 110 010 

— n — 

— n — 


32 


3 


4 


13 






LDA, I 


A - I 


1 


I 


X 





X 


IFF 


• 


11 101 101 
01 010 111 


ED 
57 


2 


2 


9 






LDA, R 


A - R 


I 


J 


X 





X 


IFF 


• 


11 101 101 
01 011 111 


ED 
5F 


2 


2 


9 






LDI, A 


I - A 


• 


• 


X 


• 


X 


• 


• • 


11 101 101 
01 000 111 


ED 
47 


2 


2 


9 






LDR, A 


R - A 


* 


" 


X 


• 


X 


• 


• • 


11 101 101 
01 001 111 


ED 
4F 


2 


2 


9 







NOTES r, r' means any of the registers A, B, C, D, E, H, L 

IFF the content of the interrupt enable flip flop, (IFF) is 

copied into the P/V flag 
For an explanation of flag notation and symbols for 

mnemonic tables, see Symbolic Notation section 

following tables 
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16-Bit Load 
Group 



Symbolic 
Operation 



Flag! 
H 



Opcod* No.oi No.of M No.oi T 

76 543 210 Hex Byte* CyelM State* 



LD dd, nn dd — nn 



X • X 
X • X 



00 ddO 001 



11 011 101 DD 
00 100 001 21 



dd 



Pair 

00 BC 

01 DE 

10 HL 

11 SP 



11 111 101 FD 
00 100 001 21 



LDHL, (nn) H-(nn+l) 
L - (nn) 



LDdd, (nn) ddn-(nn + l) 
ddL - (nn) 



LDIX, (nn) IXH-(nn+l) 

IXl - (nn) 



LDIY, (nn) IYH-(nn+l) 

IYl - (nn) 



LD (nn), HL 
LD (nn), dd 

LD (nn), IX 



LD SP, HL 
LD SP, IX 

LD SP, IY 

PUSH qq 

PUSH IX 

PUSH IY 

POPqq 

POP IX 

POPIY 



(nn + 1) - H 
(nn) - L 



(nn+1) — ddn 
(nn) - ddL 



(nn+l)-IX H 
(nn) - IX L 



(nn+1) - IY H 
(nn) - IY L 



SP - HL 
SP- IX 

SP- IY 

(SP-2)-qq L 
(SP-l)~qq H 
SP- SP -2 
(SP-2) - IX L 
(SP-1)-IX H 
SP - SP -2 
(SP-2) - IY L 
(SP-I)-IYh 
SP - SP -2 
qqH- (SP+1) 
qqL ~ (SP) 
SP- SP +2 
IX H -(SP+1) 
IX L - (SP) 
SP- SP +2 
IY H -(SP+1) 
IY L - (SP) 
SP- SP +2 



X • X • • 

X • X • • 

X • X • • 

X • X • • 

X • X • • 

X • X • • 



X • X • • 

X • X • • 

X • X • • 

X • X • • 

X • X • • 

X • X • • 

X • X • • 

X • X • • 

X • X • • 



00 101 010 2A 

— n — 

11 101 101 ED 

01 ddl 011 

— n — 

— n — 

11 011 101 DD 
00 101 010 2A 

— n — 

— n — 

11 111 101 FD 
00 101 010 2A 

— n — 

00 100 010 22 

— n — 

11 101 101 ED 

01 ddO 011 

— n — 

— n — 

11 011 101 DD 
00 100 010 22 

— n — 

— n — 

11 111 101 FD 
00 100 010 22 

— n — 

— n — 

11 111 001 F9 

11 011 101 DD 

11 111 001 F9 

11 111 101 FD 

11 111 001 F9 
11 qqO 101 



11 011 101 DD 
11 100 101 E5 



11 111 101 FD 
11 100 101 E5 



11 Oil 101 DD 
11 100 001 El 



11 111 101 FD 
11 100 001 El 



16 
20 



10 



qq Pair 

11 00 BC 

01 DE 

10 HL 

15 11 AF 



1 



NOTES dd is any of the register pairs BC, DE, HL, SP 
qq is any of the register pairs AF, BC, DE, HL 
(PAIR)h, (PAIR)l refer to high order and low order eight bit: 
e g , BCl = C, AFh = A 



of the register pair respectively, 



Exchange, 
Block 
Transfer, 
Block Search 
Groups 



EXDE, 


HL 


DE - 


• HL 


• 


• 


X 


• 


X 


• 


• 


• 


11 101 011 


EB 


1 


1 


4 




EXAF, 


AF' 


AF- 


• AF' 


• 


• 


X 


• 


X 


• 


• 


• 


00 001 000 


08 


1 


1 


4 




EXX 




BC- 
DE- 
HL- 


-BC 
. DE' 
-HL' 






X 






e 






ii on ooi 


D9 


' 


1 


4 


Register bank and 
auxiliary register 
bank exchange 


EX (SP) 


HL 


H - 
L~ 


(SP+1) 
(SP) 


• 


• 


X 


• 


X 


• 


• 


• 


11 100 on 


E3 


1 


5 


19 




EX (SP) 


, IX 


IX H 
IX Tl 


-(SP + 1) 
-(SP) 


* 


• 


X 


• 


X 


• 


• 


• 


n on 101 

11 100 011 


DD 
E3 


2 


6 


23 




EX (SP), IY 


iy h 


-(SP+1) 


• 


• 


X 


• 


X 


• 


• 


• 


11 111 101 


FD 


2 


6 


23 








IY L 


-(SP) 












(?) 






11 100 011 


E3 










LDI 




(DE) 
DE- 
HL- 
BC- 


-(HL) 
-DE + 1 
-HL+1 
-BC-1 


• 


' 


X 





X 


J 
CD 





• 


11 101 101 
10 100 000 


ED 
A0 


2 


4 


16 


Load (HL) into 
(DE), increment 
the pointers and 
decrement the byte 


































counter (BC) 


LDIR 




(DE) 
DE- 


-(HL) 
-DE+1 


• 


• 


X 





X 








• 


11 101 101 

io no ooo 


ED 
B0 


2 
2 


5 
4 


21 
16 


If BC * 
IfBC =0 






HL-HL+1 


































BC- 


-BC-1 


































Repeat until 


































BC 


■ 































NOTE 0P/V flag is if the result of BC- 1 =0, otherwise P/V = 1 
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Exchange, 

Block 

Transfer, 

Block Search 

Groups 

(Continued) 



Symbolic 
Operation 



Flag* 

H P/V N C 



Opcod. No.oi No.oi M N0.0I T 

76 543 210 Hmc Bytes CyeUs StatM 



(DE) - (HL) 
DE-DE-1 
HL -HL-1 
BC -BC-1 

(DE) - (HL) 
DE-DE-1 
HL -HL-1 
BC-BC-1 
Repeat until 
BC » 

A - (HL) 
HL -HL + 1 
BC-BC-1 

A - (HL) 

HL -HL+1 
BC -BC-1 
Repeat until 
A = (HL) or 

BC » 

A - (HL) 
HL -HL-1 
BC - BC-1 

A - (HL) 

HL-HL-1 
BC -BC-1 
Repeat until 
A = (HL) or 
BC = 




X t 



X u 



11 101 101 ED 
10 101 000 A8 



11 101 101 ED 
10 111 000 B8 



21 If BC * 

16 If BC - 




X t 1 


• 11 101 101 ED 
10 100 001 Al 



X l 1 


• 11 101 101 ED 




10 110 001 Bl 





1 I x 1 x 1 1 



I t X t X I 1 



11 101 101 ED 2 
10 101 001 A9 



21 If BC * and 

A * (HL) 

16 If BC = or 

A - (HL) 



21 If BC # and 

A * (HL) 

16 If BC = or 

A = (HL) 



NOTES © P/V flag is if the result of BC- 1 =0, otherwise P/V = 1. 
Qp P/V flag is at completion of instruction only 
Q L flag is 1 if A = (HL), otherwise Z = 



8-Bit 


ADD A, r 


A- 


A + r 


1 X 


X 


V 





1 


10 ESQ] r 




1 


1 


4 


r Reg. 


Arithmetic 


ADD A, n 


A - 


A + n 


t X 


X 


V 





1 


moooino 




2 


2 


7 


000 B 


and Logical 


















— n — 










001 C 
010 D 


Group 


ADD A, (HL) 


A - 


A + (HL) 


1 X 


X 


V 





t 


ioEqqIiio 




1 


2 


7 


011 E 




ADDA, (IX + 


d) A- 


A + (IX + d) 


t X 


X 


V 





» 


11 on 101 
lolboolno 
_ d - 


DD 


3 


5 


19 


100 H 

101 L 
111 A 




ADDA, (IY + 


d) A- 


A + (IY + d) 


I X 


X 


V 





t 


11 111 101 

10I000I110 

- d - 


FD 


3 


5 


19 






ADC A, s 


A- 


A + s + CY 


» X 


X 


V 





1 


loon 










s is any of r, n, 




SUBs 


A- 


A-s 


J X 


X 


V 


1 


I 


loToi 










(HL), (IX + d), 
(IY + d) as shown 




SBC A, s 


A- 


A-s-CY 


I X 


X 


V 


1 


1 


loin 










for ADD instruction 




ANDs 


A- 


A A s 


I X 


X 


p 








flool 










The indicated bits 




ORs 


A - 


A V s 


1 X X 


p 








HTol 










replace the 10001 in 
the ADD set above. 




XORs 


A - 


A © s 


I X 


) X 


p 








ma 














CPs 


A- 


3 


1 X 


X 


V 


1 


I 


urn 














INCr 


r — 


r + 1 


t X 


X 


V 





• 


00 r Ell 




1 


1 


4 






INC (HL) 


(HL 


-(HL) + 1 


I X 


X 


V 





• 


00 lions 




1 


3 


11 






INC(IX + d) 


(IX + d) - 
(IX + d) + l 


1 X 


X 


V 





• 


11 011 101 

00 no Pool 
- d - 
11 in 101 


DD 


3 


6 


23 






INC(IY + d) 


(IY + d) - 


1 X 


X 


V 





• 


FD 


3 


6 


23 








(IY + d) + l 












00 no Cool 

- d - 
floTI 














DECm 


m- 


m-1 


I X 


X 


V 


1 


. 










m is any of r, (HL), 



(IX + d), (IY + d) 
as shown for INC. 
DEC same format 
and state s as I NC 
Replace Effi] with 
[kHI in opcode 
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2001-001 



General- 




Symbolic 








Hags 








Opcode 




No.of 


No.of M No.ol T 




Purpose 


Mnemonic 


Operation 


S 


z 




H 




P/V 


N 


c 


76 543 210 Hox 


Bytos 


Cyclot 


Statoi 


Comments 


Arithmetic 


DAA 


Converts ace. content 
into packed BCD 


1 


J 


X 


I 


X 


p 


• 


1 


00 100 111 


27 


1 


1 


4 


Decimal adjust 
accumulator 


and 




following add or 






























CPU Control 




subtract with packed 
BCD operands. 






























Groups 


CPL 


A -A 


• 


• 


X 


1 


X 




1 


' 


00 101 111 


2F 


1 


1 


4 


Complement 
accumulator (one's 
complement). 




NEG 


A -0 - A 


J 


1 


X 


1 


X 


V 


1 


I 


11 101 101 


ED 


2 


2 


8 


Negate ace. (two's 
























01 000 100 44 








complement). 




CCF 


CY-CY 


• 


• 


X 


X 


X 


• 





t 


00 111 111 


3F 


1 


1 


4 


Complement carry 
flag. 




SCF 


CY - 1 


• 


• 


X 





X 


• 





1 


00 110 111 


37 


1 


1 


4 


Set carry flag. 




NOP 


No operation 


• 


• 


X 


• 


X 


• 


• 


• 


00 000 000 


00 


1 


1 


4 






HALT 


CPU halted 


• 


• 


X 


• 


X 


• 


• 


• 


01 110 110 


76 


1 


1 


4 






DI * 


IFF -0 


• 


• 


X 


• 


X 


• 


• 


• 


n no on 


F3 


1 


1 


4 






EI * 


IFF - 1 


• 


• 


X 


• 


X 


• 


• 


• 


11 111 011 


FB 


1 


1 


4 






IMO 


Set interrupt 
modeO 


• 


• 


X 


• 


X 


• 


• 


" 


11 101 101 
01 000 110 


ED 
46 


2 


2 


8 






IM1 


Set interrupt 
mode 1 


• 


• 


X 


• 


X 


• 


• 


• 


11 101 101 
01 010 110 


ED 
56 


2 


2 


8 






IM2 


Set interrupt 
mode 2 




• 


X 


• 


X 




* 


• 


11 101 101 
01 011 110 


ED 
5E 


2 


2 


8 





NOTES. IFF indicates the interrupt enable flip-flop 
CY indicates the carry flip-flop 
* indicates interrupts are not sampled at the end of EI o 



16-Bit 

Arithmetic 

Group 



ADD HL, ss 
ADC HL, ss 

SBC HL, ss 

ADD IX, pp 



HL- HL + ss 
HL- HL + ss + CY 

HL - HL-ss-CY 
IX - IX + pp 



INCss 
INC IX 



DECss 
DEC IX 



IX - IX + 1 

IY - IY + 1 

ss — ss - 1 
IX - IX- 1 

IY - IY- 1 



X 


X 


X 


• 





I 


00 ssl 001 




1 


X 


X 


X 


V 





I 


11 

01 


101 101 
ssl 010 


ED 


2 


X 


X 


X 


V 


1 


I 


11 

01 


101 101 
ssO 010 


ED 


2 


X 


X 


X 







I 


11 

01 


011 101 
ppl 001 


DD 


2 


X 


X 


X 


• 





I 


11 

00 


111 101 
rrl 001 


FD 


2 


X 


# 


X 


# 




# 


00 ssO 011 




1 


X 


• 


X 


• 




• 


11 Oil 101 


DD 


2 














00 


100 011 


23 




X 


• 


X 


• 




• 


11 

00 


111 101 
100 011 


FD 
23 


2 


X 


• 


X 


• 




• 


00 


ssl 011 




1 


X 


• 


X 


• 




• 


11 011 101 


DD 


2 














00 


101 011 


2B 




X 


• 


X 


• 


• 


• 


11 

00 


111 101 

ioi on 


FD 
2B 


2 



Reg 



00 


BC 


01 


DE 


10 


HL 


11 


SP 


pp 


Reg 


00 


BC 


01 


DE 


10 


IX 


11 


SP 


rr 


Reg. 


00 


BC 


01 


DE 


10 


IY 


11 


SP 



NOTES ss is any of the register pairs BC, DE, HL, SP 
pp is any of the register pairs BC, DE, IX, SP 
rr is any of the register pairs BC, DE, IY, SP 



1 



Rotate and 
Shift Group 



RLCA 

RLA 

RRCA 

RRA 

RLCr 
RLC (HL) 



[cv]J-| 7 — £ p • • X X • l 

A 

L Tcy]- H"- — o M • • X X • I 

A 

L | 7 — o p -rcTl • • x o x • o i 



U | 7 — >o | — »fcv"H • • x o x • o I 



t i x o x p o l 
i j x o x p o : 



[cyJ-L- 1 7 — o p , , X X P t 
r,(HL),(IX + d),(IY + d) 



1 I X X P I 



RLm qfp=£7=fp , , X X P 

m»r,(HL),(IX + d),(IY + d) 



L | 7 — L -Lr^i 

m-r,(HL),(IX + d),(IY + d) 



J J X X P I 



00 000 111 07 1 

00 010 111 17 1 

00 001 111 OF 1 

00 011 111 IF 1 



11 001 011 


CB 


00 15551 r 




n ooi on 


CB 


oolSoolno 




n on ioi 


DD 


n ooi on 


CB 


- d - 




00 |oopJ no 




11 111 101 


FD 


n ooi on 


CB 


- d - 




oolooolno 





Rotate left circular 
accumulator 

Rotate left 
accumulator 

Rotate right circular 
accumulator 

Rotate right 
accumulator. 

Rotate left circular 

register r. 
r Reg 

'000 B 
001 C 

010 D 

011 E 

100 H 

101 L 
111 A 



Instruction format 
and states are as 
shown for RLC's 
To form new 
opcode replace 
iOOOl or RLC's 
with shown code 
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Rotate and 
Shift Group 

(Continued) 



Symbolic 
Operation 



Flags Opcodo No.ol No.o! M No.of T 

H P/V N C 76 543 210 Hex Bytes Cycles States 



RRm 
SLAm 



SRLm 
RLD 



RRD 



U | 7 -^o | .fcv|-» 

m«r.(HL),(IX + d),(IY + d) 



X X P t 
X X P J 



|CV| « 1 7-— \ —0 

m»r,(HL).(IX + d).(IY + d) 

SRAm M / "° I '^1 , j X X P t 

m-r.(HL),(IX + d).(IY + d) 

H 7 — ° I — "GUI I t X X P I 
m-r,(HL),(IX + d),(IY + d) 



- 4 |3-o| [ 7-4J 3-0 j , , x X P 

« Lj 4 I 



l 7 -"|3-0l > |7-4|3-0| , , X X P 



iom 




Hop) 




USD 




fTTTl 




11 101 101 
01 101 111 


ED 
6F 


11 101 101 
01 100 111 


ED 
67 



18 Rotate digit left and 
right between 
the accumulator 
and location (HL) 

18 The content of the 
upper half of 
the accumulator is 
unaffected 



Bit Set, Reset bit b, r z 

and Test 

Group 



rb 
BIT b, (HL) Z - (HL)b 
BITb, (IX + d)b Z- (IX + d)b 



X t X 1 X X 
X I X 1 X X 
X J X 1 X X 



BITb,(IY + d)b Z- (IY + d) b 



SET b, r rb - 1 

SET b, (HL) (HL)b - 1 

SETb, (IX + d) (IX + d)b- 1 

SETb,(IY + d) (IY + d)b- 1 



1 X X • 



• • X • X 

• • X • X 

• • X • X 



ii ooi on cb 

01 b r 

11 001 011 CB 

01 b 110 

11 011 101 DD 

11 001 011 CB 

- d - 
01 b 110 

11 111 101 FD 
11 001 011 CB 

- d - 
01 b 110 



11 001 011 CB 

03 *> ' 

11 001 011 CB 
b 110 
11 011 101 DD 
11 001 011 CB 

- d - 
[TTJ b 110 

11 111 101 FD 
11 001 011 CB 

- d - 
QT] b 110 



r Reg. 

666 B 

001 c 

010 D 

011 E 

100 H 

101 L 
HI A 

b Bit Tested 

000 

001 1 

010 2 

011 3 

100 4 

101 5 

110 6 

111 7 



15 
23 





RES b, m 


mb - 

m ■ r, (HL), 
(IX + d), 
(IY + d) 


• • X 




X 








m 








To form new 
opcode replace 
[TO of SET b, s 
with |T5| Flags 
and time states for 
SET instruction. 




NOTES The notation m^ indicates bit b (0 to 7) or location 


n, 




















Jump 


IPnn 


PC - nn 


• • X 


# 


X 


, 


# 


• 


11 000 011 C3 


3 


3 


10 




Group 


















— n — 

— n — 








cc Condition 




IP cc, nn 


If condition cc is 
true PC - nn, 
otherwise 
continue 


• • X 


• 


X 


• 






11 cc 010 
— n — 


3 


3 


10 


000 NZ non-zero 

001 Z zero 

010 NC non-carry 

011 C carry 

100 PO parity odd 

101 PE parity even 
110 P sign positive 




JRe 


PC - PC + e 


• • X 


• 


X 


• 


• 


• 


00 011 000 18 
- e-2 - 


2 


3 


12 


111 M sign negative 




IRC, e 


If C - 0, 
continue 
HC - 1, 
PC - PC + e 


• • X 




X 








00 111 000 38 
- e-2 - 


2 
2 


2 
3 


7 
12 


If condition not met. 
If condition is met. 




IR NC, e 


IfC . 1, 
continue 
If C m 0, 
PC- PC + e 


• • X 




X 


• 




• 


00 110 000 30 
- e-2 - 


2 
2 


2 
3 


7 
12 


If condition not met. 
If condition is met. 




IPZ,e 


IfZ = 
continue 
IfZ - 1, 
PC - PC + e 


• • X 




X 


• 




• 


00 101 000 28 
- e-2 - 


2 
2 


2 
3 


7 
12 


If condition not met. 
If condition is met. 




JR NZ, e 


IfZ - 1, 
continue 
If Z - 0, 
PC - PC + e 


• • X 


• 


X 




• 




00 100 000 20 
- e-2 - 


2 
2 


2 
3 


7 
12 


If condition not met. 
If condition is met. 




IP (HL) 


PC- HL 


• • X 


• 


X 


• 


• 


• 


11 101 001 E9 


1 


1 


4 






IP (IX) 


PC- IX 


• • X 




X 








11 011 101 DD 
11 101 001 E9 


2 


2 


8 
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2001-001 



Jump Group 

(Continued) 



IP (IY) 
DJNZ, e 



Symbolic 
Operation 



Flags 



Opcod* No.of No.oi M No. of T 

76 543 210 H«x Bytes CyclM States 



B - B-l 
If B = 0, 
continue 
If B * 0, 
PC - PC + e 



X • X 
X • X 



11 111 101 FD 

11 101 001 E9 

00 010 000 10 
- e-2 - 



NOTES e represents the extension in the relative addressing mode 

e is a signed two's complement number in the range < - 126, 129 > 
e - 2 in the opcode provides an effective address of pc + e as PC is incremented 
by 2 prior to the addition of e 



Call and 
Return Group 


CALL nn 


(SP-1) -PC H 
(SP-2) - PC L 
PC - nn 




CALL cc. nr 


i If condition 
cc is false 
continue, 
otherwise same a 
CALL nn 




RET 


PC L - (SP) 
PC H -(SP+1) 




RETcc 


If condition 
cc is false 
continue, 
otherwise 
same as 
RET 




RETI 
RETN 1 


Return from 
interrupt 
Return from 
non-maskable 
interrupt 




RSTp 


(SP-1) -PC H 
(SP-2) -PC L 
PCh-O 
PCl-P 



X • X 
X • X 



11 001 101 


CD 


3 


5 


17 




— n — 












— n — 












11 cc 100 




3 


3 


10 


If cc is false. 


— n — 












— n — 




3 


5 


17 


If cc is true. 



11 001 001 C9 1 



11 ccOOO 1 



11 101 101 ED 

01 001 101 4D 

11 101 101 ED 

01 000 101 45 



If cc is true 


cc 


Condition 


000 NZ non-zero 


001 


Z zero 


010 NC non-carry 


Oil 


C carry 


100 PO parity odd 


101 


PE parity even 


110 P sign positive 


111 


M sign negative 


t 


P 


000 


00H 


001 


08H 


010 


10H 


011 


18H 


100 


20H 


101 


28H 


no 


30H 


in 


38H 



NOTE 'RETN loads IFF 2 - IFFj 



Input and INA (n) 

Output GrOUp IN r, (C) 



IND 



A-(n) 

r-(C) 

if r = 110 only the 

flags will be affected 

(HL) - (C) 
B -B-l 
HL - HL + 1 
(HL) - (C) 
B - B-l 
HL - HL + 1 
Repeat until 
B = 

(HL) - (C) 
B - B -1 



HL- HL-1 
INDR (HL) - (C) 

B - B-l 
HL - HL-1 
Repeat until 
B = 
OUT (n), A (n) - A 

OUT (C), r (C) - r 



(C) 


-(HL) 


B - 


B-l 


HL 


- HL + 1 


(C) 


-(HL) 


B - 


B-l 


HL 


- HL + 1 


Repeat until 


B = 





(C) 


-(HL) 


B - 


B-l 


HL 


- HL-1 



• • X • X • • • 

J I X J X P • 

CD 

X l X X X X 1 X 

X 1 X X X X 1 X 



CD 

X t X X X X 1 X 



X 1 X X X X 1 X 



• X 

• X 



CD 



X t X ,X X X 1 X 



X 1 X X X X 1 X 



© 



X i X X X X 1 X 



11 101 101 ED 2 5 21 

10 110 010 B2 (If B*0) 

2 4 16 

(If B = 0) 



11 011 011 


DB 


2 


— n — 






11 101 101 


ED 


2 


01 r 000 






11 101 101 


ED 


2 


10 100 010 


A2 





11 101 101 ED 
10 101 010 AA 



11 101 101 ED 
10 111 010 BA 



11 010 011 D3 



11 101 101 ED 
01 r 001 



11 101 101 ED 
10 100 011 A3 



11 101 101 ED 
10 110 011 B3 



11 101 101 ED 2 
10 101 011 AB 



5 
(If B*0) 



(If B = 0) 



(IfB*0) 

4 
(If B«0) 



21 
16 



n to Aq - A7 
Ace. to A 8 - A 15 
C to Aq - A7 
B to A 8 - A15 



C to Ao - A7 
B to A 8 - A15 



C to Aq - A7 
B to A 8 - A15 



C to A - A 7 
B to A 8 - A15 



C to Aq ~ A7 
B to A 8 ~ A15 



n to Ao ~ A7 
Ace. to A 8 ~ A15 
C to Aq ~ A7 
B to A 8 ~ A15 

C to Aq - A7 
B to A 8 - A15 

C to Aq ~ A7 
B to A 8 - A15 



C to Aq ~ A7 
B to A 8 - A15 



NOTE Q If the result of B - 1 is zero the Z flag is set, otherwise it is reset 
@Z flag is set upon instruction completion only 
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Input and 


Symbolic 








Flags 






Opcode No.of No.oi M No.oi T 


Output Group 


Mnemonic Operation 




s z 




H 




P/V 


N C 


76 543 210 Hex Bytes Cycles States Comments 


(Continued) 


OTDR (C) - (HL) 
B - B-l 
HL - HL-1 
Repeat until B = 


= 




K 1 


X 


X 


X 


X 


t X 


11 101 101 ED 2 5 21 C toAQ ~ A7 

10 111 Oil (HB*0) BtoA 8 ~ A15 

2 4 16 

(If B = 0) 


Summary of 

Flag 

Operation 


Instruction 


D7 
S 


z 




H 




P/V 


N 


Do 

c 


Comments 


ADD A, s, ADC A, s 




t 


X 


t 


X 


V 







8-bit add or add with carry 


SUB s, SBC A, s, CP s, NEG 




t 


X 


1 


X 


V 


1 




8-bit subtract, subtract with carry, compare and negate accumulator 




ANDs 




t 


X 


1 


X 


p 





h 






OR s, XOR s 




t 


X 





X 


p 





Logical operations. 




INCs 




I 


X 


t 


X 


V 







8-bit increment 




DECs 




t 


X 


t 


X 


V 


1 




8-bit decrement 




ADD DD, ss 




• 


X 


X 


X 


• 







16-bit add 




ADC HL, ss 




t 


X 


X 


X 


V 







16-bit add with carry 




SBC HL, ss 




1 


X 


X 


X 


V 


1 




16-bit subtract with carry 




RLA, RLCA, RRA, RRCA 




• 


X 





X 


• 







Rotate accumulator 




RL m, RLC m; RR m, 




t 


X 





X 


p 







Rotate and shift locations 




RRC m, SLA m; 






















SRA m, SRL m 






















RLD, RRD 




t 


X 





X 


p 







Rotate digit left and right 




DAA 




t 


X 


I 


X 


p 


• 




Decimal adjust accumulator 




CPL 




• 


X 


1 


X 


• 


1 




Complement accumulator 




SCF 




• 


X 





X 


• 







Set carry. 




CCF 




• 


X 


X 


X 


• 







Complement carry 




IN r (C) 




t 


X 





X 


p 







Input register indirect 




INI, IND, OUTI, OUTD 
INIR, INDR; OTIR, OTDR 


X 
X 


t 
1 


X 
X 


X 
X 


X 
X 


X 
X 


1 

1 


:} 


Block input and output Z = if B * otherwise Z = 




LDI, LDD 
LDIR; LDDR 


X 
X 


X 
X 


X 
X 






X 
X 


t 








:} 


Block transfer instructions P/V = 1 if BC * 0, otherwise P/V = 




CPI, CPIR; CPD, CPDR 


X 


I 


X 


X 


X 


I 


1 




Block search instructions Z = 1 if A = (HL), otherwise Z = P/V = 1 
if BC * 0, otherwise P/V = 




LD A, I, LD A, R 


t 


t 


X 





X 


IFF 







The content of the interrupt enable flip-flop (IFF) is copied into the P/V flag. 




BIT b, s 


X 


t 


X 


1 


X 


X 







The state of bit b of location s is copied into the Z flag 



Symbolic Symbol Operation 

Notation S Sign flag. S = 1 if the MSB of the result is 1. 

Z Zero flag. Z = 1 if the result of the operation is 0. 

P/V Parity or overflow flag. Parity (P) and overflow 

(V) share the same flag. Logical operations affect 
this flag with the parity of the result while 
arithmetic operations affect this flag with the 
overflow of the result. If P/V holds parity, P/V = 
1 if the result of the operation is even, P/V = if 
result is odd. If P/V holds overflow, P/V = 1 if 
the result of the operation produced an overflow. 

H Half -carry flag. H = 1 if the add or subtract 

operation produced a carry into or borrow from 
bit 4 of the accumulator. 

N Add/Subtract flag. N = 1 if the previous opera- 

tion was a subtract. 

H & N H and N flags are used in conjunction with the 

decimal adjust instruction (DAA) to properly cor- 
rect the result into packed BCD format following 
addition or subtraction using operands with 
packed BCD format. 

C Carry/Link flag. C = 1 if the operation produced 

a carry from the MSB of the operand or result. 



Symbol 

I 



Operation 

The flag is affected according to the result of the 

operation. 

The flag is unchanged by the operation. 

The flag is reset by the operation. 

The flag is set by the operation. 

The flag is indeterminate. 

P/V flag affected according to the overflow result 

of the operation. 

P/V flag affected according to the parity result of 

the operation. 

Any one of the CPU registers A, B, C, D, E, H, L. 

Any 8-bit location for all the addressing modes 

allowed for the particular instruction. 

Any 16-bit location for all the addressing modes 

allowed for that instruction. 

Any one of the two index registers IX or IY. 

Refresh counter. 

8-bit value in range < 0, 255 > . 

16-bit value in range < 0, 65535 > . 
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Pin A0-A15. Address Bus (output, active High, 

Descriptions 3-state). A0-A15 form a 16-bit address bus. The 
Address Bus provides the address for memory 
data bus exchanges (up to 64K bytes) and for 
I/O device exchanges. 



BUSACK. Bus Acknowledge (output, active 
Low). Bus Acknowledge indicates to the 
requesting device that the C PU add r ess bus , 
dat a bus, and control signals MREQ, IORQ, 
RD, and WR have entered their high- 
lmpedance states. The external circuitry 
can now control these lines. 



BUSREQ. Bus Bequest (input, active L ow). 
Bus Request has a higher priority than NMI 
and is always recog nized at th e end of the cur- 
rent machine cycle. BUSREQ forces the CPU 
addres s bus, d ata bus, a nd control signals 
MREQ, IORQ, RD, and WR to go to a high- 
lmpedance state so that other devices can 
control these lines. BUSREQ is normally wire- 
ORed and requires an extern al pullup for 
these applications. Extended BUSREQ 
periods due to extensive DMA operations can 
prevent the CPU from properly refreshing 
dynamic RAMs. 

D0-D7. Data Bus (input/output, active High, 
3-state). D0-D7 constitute an 8-bit bidirectional 
data bus, used for data exchanges with 
memory and I/O. 



HALT. Halt State (output, active Low). HALT 
indicates that the CPU has executed a Halt 
instruction and is awaiting either a non- 
maskable or a maskable interrupt (with the 
mask enabled) before operation can resume. 
While halted, the CPU executes NOPs to 
maintain memory refresh. 

INT. Interrupt Bequest (input, active Low). 
Interrupt Request is generated by I/O devices. 
The CPU honors a request at the end of the 
current instruction if the internal software- 
controlle d int errupt enable flip-flop (IFF) is 
enabled. INT is normally wire-ORed and 
requires an external pullup for these 
applications. 



IORQ. Input/ Outpu t Bequest (output, active 
Low, 3-state). IORQ indicates that the lower 
half of the address bus holds a valid I/O 

addre ss for an I/O read or write operation. 

IORQ is also generated concurrently with Ml 
during an interrupt acknowledge cycle to indi- 
cate that an interrupt response vector can be 



placed on the data bus. 

Ml. Machine Cy cle One (output, active Low). 
Ml, together with MREQ, indicates that the 
current machine cycle is the opcode fetch 
cycl e of an instruction execution. Ml, together 
with IORQ, indicates an interrupt acknowledge 
cycle. 



MREQ. Mem ory Beq uest (output, active 
Low, 3-state). MREQ indicates that the address 
bus holds a valid address for a memory read or 
memory write operation. 



NMI. Non-Mask able In terrupt (input, negative 
edge - triggered) . NMI has a higher priority 
than INT. NMI is always recognized at the end 
of the current instruction, independent of the 
status of the interrupt enable flip-flop, and 
automatically forces the CPU to restart at 
location 0066H. 

RD. Bead (output, active Low, 3-state). RD in- 
dicates that the CPU wants to read data from 
memory or an I/O device. The addressed I/O 
device or memory should use this signal to 
gate data onto the CPU data bus. 



RESET. Beset (input, active Low). RESET 
initializes the CPU as follows: it resets the 
interrupt enable flip-flop, clears the PC and 
Registers I and R, and sets the interrupt status 
to Mode 0. During reset time, the address and 
data bus go to a high- impedance state, and all 
control o utput si gnals go to the inactive state. 
Note that RESET must be active for a minimum 
of three full clock cycles before the reset 
operation is complete. 



RFSH. Beire sh (outp ut, active Low). RFSH, 
together with MREQ, indicates that the lower 
seven bits of the system's address bus can be 
used as a refresh address to the system's 
dynamic memories. 

WAIT. Wait (input, active Low). WAIT 
indicates to the CPU that the addressed mem- 
ory or I/O devices are not ready for a data 
transfer. The CPU continues to enter a Wait 
state a s long as this signal is active. Extended 
WAIT periods can prevent the CPU from 
refreshing dynamic memory properly. 

WR. Write (output, active Low, 3-state). WR 
indicates that the CPU data bus holds valid 
data to be stored at the addressed memory or 
I/O location. 



1 
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CPU Timing The CPU executes instructions by pro- 

ceeding through a specific sequence of opera- 
tions: 

■ Memory read or write 

■ I/O device read or write 

■ Interrupt acknowledge 



The basic clock period is referred to as a 
T time or cycle, and three or more T cycles 
make up a machine cycle (Ml, M2 or M3 for 
instance) . Machine cycles can be extended 
either by the CPU automatically inserting one 
or more Wait states or by the insertion of one 
or more Wait states by the user. 



Instruction Opcode Fetch. The CPU places 
the contents of the Program Counter (PC) on 
the address bus at the start of the cycle (Figure 
5). Ap proximately one- half clock cycle later, 
MREQ goes active. When active, RD indicates 
that the memory data can be enabled onto the 
CPU data bus. 



The CPU samples the WAIT input with the 
falling edge of clock state T2. During clock 
states T3 and T4 of an Ml cycle dynamic RAM 
refresh can occur while the CPU starts 
decoding and executing the instruction. When 
the Refresh Control signal becomes active, 
refreshing of dynamic memory can take place. 






♦<8>* 
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—® 
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*Tw = Wait cycle added when necessary for slow ancilliary devices. 

Figure 5. Instruction Opcode Fetch 
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CPU Memory Read or Write Cycles. Figure 6 

Timing shows the timing of memory read o r wr ite 

(Continued) cycl es other tha n an opcode fetch (Ml) cycle. 
The MREQ and RD signals function exactly as 
in the fetch cycle. In a memory write cycle, 



MREQ also beco mes a ctive when the address 
bus is stable. The WR line is active when the 
data bus is stable^ so that it can be used 
directly as an R/W pulse to most semiconduc- 
tor memories. 



Ti T 2 

jTL/1 



READ J 
OPERATION 




§ 



Figure 6. Memory Read or Write Cycles 
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CPU Input or Output Cycles. Figure 7 shows the 

Timing timing for an I/O read or I/O write operation. 

(Continued) During I/O operations, the CPU automatically 



inserts a single Wait state (Twa)- This extra Wait 
state allows sufficient time for an I/O port to de- 
code the address from the port address lines. 



T 2 T WA T w T 3 ___ 



:x 



3 



I/O 
WRITE { 
OPERATION I 



-*{53)*' 



VALID PORT ADDRESS 



f® 



(H>** 



~f* 






U£rt 



^w 



-^: 



-/>- 
-/>- 



3 



® 



® 



:s i®| 



® 



h® 



—I® 



-y>- 



^5) 



-® 



® 



-*>- 
-/>- 



^WA = Wait cycle automatically inserted by CPU. 



Figure 7. Input or Output Cycles 



Interrupt Request/ Acknowledge Cycle. The 

CPU samples the interrupt signal with the ris- 
ing edge of the last clock cycle at the end of 
any instruction (Figure 8). When an interrupt 
is accepted, a special Ml cycle is generated. 



During thi s Ml cyc le, IORQ becomes active 
(instead of MREQ) to indicate that the inter- 
rupting device can place an 8-bit vector on the 
data bus. The CPU automatically adds two 
Wait states to this cycle. 




♦<§) 



Tlj = Last state of any instruction cycle. 

TWA = Wait cycle automatically inserted by CPU 






-^I 






®* 



VALID DATA 



-® 



Figure 8. Interrupt Request/Acknowledge Cycle 
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CPU Non-Maskable Interrupt Request Cycle. 

Timing NMI is sampled at the sa me t ime as the 

(Continued) maskable interrupt input INT but has higher 

priority and cannot be disabled under software 
control. The subsequent timing is similar to 



that of a normal memory read operation except 
that data put on the bus by the memory is 
ignored. The CPU instead execut es a r estart 
(RST) operation and jumps to the NMI service 
routine located at address 0066H (Figure 9). 



- LAST M CYCLE - 



.AAJUUVUU 

•::::::.tfc: 






/ 



n. 



/ 






x 



)C 



s 



* Although NMI is an asynchronous input, to guarantee its being recognized on the following machine cycle, NMI's falling edge must 
occur no later than the rising edge of the clock cycle preceding the last state of any instruction cycle (Tjj). 

Figure 9. Non-Maskable Interrupt Request Operation 



Bus Req uest/ Ack nowledge Cycle. The CPU 

samples BUSREQ with the rising edge of the 
last cl ock period of any machine cycle (Figure 

10). If BUSREQ is active, t he CP U sets its 

address, data, and MREQ, IORQ, RD, and WR 



lines to a high- impedance state with the rising 
edge of the next clock pulse. At that time, any 
external device can take control of these lines, 
usually to transfer data between memory and 
I/O devices. 



Tlm 




NOTES: 1) Tlm = Last state of any M cycle. 



2) Tx = An arbitrary clock cycle used by reguesting device. 



Figure 10. Z-BUS Request/ Acknowledge Cycle 



2005-0218, 886 
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CPU Halt Ac knowle dge Cycle. When the CPU re- 

Timing ceives a HALT inst ru ction , it executes NOP states 

(Continued) until either an INT or NMI input is received. 



When in the Halt state, the HALT output is active 
and remains so until an interrupt is processed 
(Figure 11). INT will also force a Halt exit. 



HALT 




* Although NMI is an asynchronous input, to guarantee its being recognized on the following machine cycle, NMI's falling edge must 
occur no later than the rising edge of the clock cycle preceding the last state of any instruction cycle (T]j). 

Figure 11. Halt Acknowledge Cycle 



Reset Cycle. RESET must be active for at least 
three clock c ycles fo r the CPU to properly accept 
it. As long as RESET remains active, the address 
and data buses float, a nd the control outputs are 
inactive. Once RESET goes inactive, two internal 



T cycles are consumed before the CP U resumes 
normal processing operation. RESET clears the 
PC register, so the first opcode fetch will be to 
location 0000 (Figure 12). 
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Figure 12. Reset Cycle 
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AC 
Characteristics! 

Number Symbol 


Parameter 


Z8300-1 

(1.0 MHz) 

Min Max 

(ns) (ns) 


Z8300-3 

(2.5 MHz) 

Min Max 

(ns) (ns) 




1 


TcC 


Clock Cycle Time 


1000* 




400* 






2 


TwCh 


Clock Pulse Width (High) 


470 


2000 


180 


2000 




3 


TwCl 


Clock Pulse Width (Low) 


470 


2000 


180 


2000 




4 
5- 


TfC 


Clock Fall Time 


— 


30 


— 


30 




JUL/ 


L/lock llise lime 




JU 




'"*"" JU 




6 


TdCr(A) 


Clock t to Address Valid Delay 


— 


380 


— 


145 




7 


TdA(MREQf) 


Address Valid to MREQ 
I Delay 


370* 


— 


125* 


— 




8 


TdCf(MREQf) 


Clock I to MREQ 1 Delay 


- 


260 


- 


100 




9 
lO- 


TdCr(MREQr) 
-TwMREQh 


Clock t to MREQ t Delay 
-MREQ Pulse Width (High) 


410*- 


260 




100 










1 


ll 


TwMREQl 


MREQ Pulse Width (Low) 


890* 


— 


360* 


— 


12 


TdCf(MREQr) 


Clock i to MREQ t Delay 


— 


260 


— 


100 


13 


TdCf(RDf) 


Clock 1 to RD t Delay 


- 


340 


- 


130 


Q 


14 


TdCr(RDr) 


Clock t to RD t Delay 


- 


260 


- 


100 


a 


15 — 




-Data Setup Time to Clock t 


140 — 




50- 










16 


ThD(RDr) 


Data Hold Time to RD t 


— 





— 







17 


TsWAIT(Cf) 


WAIT Setup Time to Clock I 


190 


— 


70 


— 




18 


ThWAIT(Cf) 


WAIT Hold Time after Clock I 


— 





— 







19 


TdCr(Mlf) 


Clock t to Ml I Delay 


- 


340 


- 


130 




20- 


-TdCr(Mlr) 


-Clock t to Ml t Delay 




—340 




-130 




21 


TdCr(RFSHf) 


Clock t to RFSH i Delay 


- 


460 


- 


180 




22 


TdCr(RFSHr) 


Clock 1 to RFSH t Delay 


— 


390 


- 


150 




23 


TdCf(RDr) 


Clock I to RD t Delay 


- 


290 


- 


110 




24 

25- 


TdCr(RDf) 


Clock I to RD 1 Delay 




260 




100 




isJJvL/t; 


Data L>etup to Uiock I during - 

M2, M3, M4 or M5 Cycles 












26 


TdA(IORQf) 


Address Stable prior to IORQ I 


790' 


— 


320* 


— 




27 


TdCr(IORQf) 


Clock t to IORQ I Delay 


— 


240 


- 


90 




28 


TdCf(IORQr) 


Clock 1 to IORQ t Delay 


— 


290 


- 


110 




29 
30 — 


TdD(WRf) 
-TdCf(WRf) 


Data Stable prior to WR 1 


470* 




190* 


- on 




L/locK l to Wn l Delay ■■■■ 












31 


TwWR 


WR Pulse Width 


890* 


__ 


360* 


— 




32 


TdCf(WRr) 


Clock 1 to WR t Delay 


— 


260 


— 


100 




33 


TdD(WRf) 


Data Stable prior to WR 1 


-30* 


— 


30* 


— 




34 


TdCr(WRf) 


Clock ! to WR 1 Delay 


— 


210 


__ 


80 




35 — 




-Data Stable from WR 1 


290*- 


760 


130*- 






— laWnr^U; 
TdCf(HALT) 


300 




36 


Clock J to HALT t or 1 




37 


TwNMI 
TsBUSREQ(Cr) 


NMI Pulse Width 


210 
210 


- 


80 
80 


- 




38 


BUSREQ Setup Time to Clock t 





*For clock periods other than the rmmmums shown in the table, calculate parameters using the expressions in the table on the 
following page. 

Calculated values above assumed. 
TrC =TfC =20ns. 
t All timings assume equal loading on pins within 50 pf . 
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AC 

Charac- 
teristics! 

(Continued) 



Number Symbol 



Parameter 



Z8300-1 
Min Max 

(ns) (ns) 



Z8300-3 
Min Max 

(ns) (ns) 



39 

40- 

41 

42 

43 



ThBUSREQ(Cr) BUSREQ Hold Time after Clock t 



-TdCr(BUSACKf)- Clock t to BUSACK I Delay 

TdCf(BUSACKr) Clock 1 to BUSACK t Delay 

TdCr(Dz) Clock t to Data Float Delay 

TdCr(CTz) Clock t t o Control Outp uts Float 

Delay (MREQ, IORQ, RD, 
and WR) 

Clock t to Address Float Delay 

-MREQ t, IORQ ?, RD t, and - 



44 TdCr(Az) 

45 — TdCTr(A)- 



— 
310- 

— 290 

— 240 

— 290 

— 290 
-400* 



- 
120 

— 110 

— 90 

— 110 

— 110 
-160* 



WR 1 to Address Hold Time 



46 
47 
48 
49 



TsRESET(Cr) 
ThRESET(Cr) 
TsINTf(Cr) 
ThlNTr(Cr) 



RESET to Clock t Setup Time 
RESET to Clock t Hold Time 
INT to Clock t Setup Time 
INT to Clock t Hold Time 



240 



210 



50 — TdMlf(IORQf) — Ml i to IORQ i Delay 

51 TdCf(IORQf) Clock I to IORQ I Delay 

52 TdCf(IORQr) Clock t to IORQ t Delay 

53 TdCf(D) Clock I to Data Valid Delay 



- 2300* 



90 



-920* 



— 290 

— 260 

— 290 



— 110 

— 100 

— 230 



*For clock periods other than the mmimums shown in the table, calculate parameters 
using the following expressions. Calculated values above assumed TrC = TfC = 20 ns. 
T All timings assume equal loading on pins with 50 pF 



Footnotes to AC Characteristics 



Number 


Symbol 


Z8300-1 




Z8300-3 


1 


TcC 


TwCh + TwCl + TrC 


+ TfC 


TwCh + TwCl + TrC + TfC 


7 


TdA(MREQf) 


TwCh + TfC - 200 




TwCh + TfC - 75 


10 


TwMREQh 


TwCh + TfC - 90 




TwCh + TfC - 30 


11 


TwMREQl 


TcC - 110 




TcC - 30 


26 


TdA(IORQf) 


TcC - 210 




TcC - 80 


29 — 


-TdD(WRf) 


TcC - 540 








31 


TwWR 


TcC - 110 




TcC - 40 


33 


TdD(WRf) 


TwCl + TrC - 470 




TwCl + TrC - 180 


35 


TdWRr(D) 


TwCl + TrC - 210 




TwCl + TrC - 80 


45 


TdCTr(A) 


TwCl + TrC - 110 




TwCl + TrC - 40 


50 


TdMlf(IORQf) 


2TcC + TwCh + TfC 


- 210 


2TcC + TwCh + TfC - 80 



AC Test Conditions: 
V IH = 2.0 V 
Vil = 0.8 V 
VlHC = V C C -0-6 V 
V ILC = 0Ab v 
V H = 2 V 

vol = o.8 v 

FLOAT = ±0.5 V 
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Absolute Voltages on all pins with respect 

Maximum to ground - 0.3V to + 7V 

Ratings Operating Ambient 

Temperature See Ordering Information 

Storage Temperature - 65 °C to + 150°C 



Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



Standard 

Test 

Conditions 



The DC characteristics and capacitance sec- 
tions listed below apply for the following standard 
test conditions, unless otherwise noted. All volt- 
ages are referenced to GND (0V). Positive current 
flows into the referenced pin. 

Available operating temperature is: 



The Ordering Information section lists package 
temperature ranges and product numbers. Pack- 
age drawings are in the Package Information 
section. Refer to the Literature List for additional 
documentation. 



S = 0°Cto +70°C ; 
+ 5.25V 



+ 4.75V < V C c =s 



All ac parameters assume a load capacitance 
of 100 pf. Add 10 ns delay for each 50 pf increase 
in load up to a maximum of 200 pf for the data 
bus and 100 pf for address and control lines. 




DC 

Charac- 
teristics 



Symbol 



Parameter 



VlLC 
VlHC 
VlL 
Vm 

Vol 

Voh 

Ili 

Ilo 

Ice 



Clock Input Low Voltage 
Clock Input High Voltage 
Input Low Voltage 
Input High Voltage 
Output Low Voltage 
Output High Voltage 
Input Leakage Current 
3- State Output Leakage 
Power Supply Current 

Frequency 



0°C 
Max 



Min 


Max 


Unit 


Test Condition 


-0.3 


0.45 


V 




V C c-.6 V C c + .3 


V 




-0.3 


0.8 


V 




2.0 


Vcc 


V 






0.4 


V 


lOL = 2.0 mA 


2.4 




V 


Ioh = -250 fiA 




10 


/*A 


Vin = to V C c 




rt 10 1 


M 


Vqut = 0-4 to Vcc 


Temperature 
25°C 25°C 
Max Typical 


70°C 
Max 


Unit 





Z8300-1 (1.0 MHz) 
Z8300-3 (2.5 MHz) 



30 
45 



25 
40 



15 
25 



20 
35 



mA 
mA 



1. A 15 -A , D 7 -D , MREQ, IORQ, RD, and WR. 



Capacitance Symbol Parameter 



Min 



Max Unit 



Note 



C CLOCK 
^OUT 



Clock Capacitance 
Input Capacitance 
Output Capacitance 



35 


PF 


5 


pF 


15 


pF 



T A = 25 °C, f = 1 MHz. 

Unmeasured pins returned to ground. 
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ORPERING INFORMATION 



Z80LCPU,1.0MHz 
40-pin DIP 

Z8300-1 PS 



Z80LCPU,2.5MHz 
40-pin DIP 

Z8300-3 PS 



Codes 



First letter is for package; second letter is for temperature. 



C = Ceramic DIP 

P = Plastic DIP 

L = Ceramic LCC 

V = Plastic PCC 



TEMPERATURE 
S ^0°Cto+70°C 
E = -40°Cto+85°C 
M*= -55°Cto+125°C 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 

FLOW 

B = 883 Class B 



Example: PS is a plastic DIP, 0°C to + 70°C. 

fAvailable soon. 

*For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 
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Z8320 Low Power 

Z80L® PIO 

Parallel Input/Output 



Zilog 



AC and DC Characteristics 



March 1985 



ABSOLUTE MAXIMUM RATINGS 

Voltages on all pins with respect 

to ground -0.3V to +7V 

Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°Cto +150°C 

TEST CONDITIONS 

The DC characteristics below apply for the following test 
conditions, unless otherwise noted. All voltages are 
referenced to GND (0V). Positive current flows into the 
referenced pin. 

Available operating temperature range is: 

■ S = 0°Cto +70°C, + 4.75V <V C c< + 5.25V 

The Ordering Information section lists package temperature 
ranges and product numbers. Package drawings are in the 
Package Information section. Refer to the Literature List for 
additional documentation. 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device This is a stress rating only; 
operation of the device at any condition above these indicated in the 
operational sections of these specifications is not implied Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



FROM OUTPUT / 




DC CHARACTERISTICS 


Symbol 


Parameter 


Min 


Max 


Typical 


Unit 


Condition 


VlLC 


Clock Input Low Voltage 


-0.3 


+ 0.45 




V 




V|HC 


Clock Input High Voltage 


Vcc-0.6 


Vcc + 0.3 




V 




V|L 


Input Low Voltage 


-0.3 


+ 0.8 




V 




V|H 


Input High Voltage 


+ 2.0 


v C c 




V 




Vol 


Output Low Voltage 




+ 0.4 




V 


lOL = 2.0 mA 


V H 


Output High Voltage 


+ 2.4 






V 


Iqh = -250nA 


Ili 


Input Leakage Current 




±10 




ma 


V| N = OtoVcc 


Ilo 


3-State Output Leakage Current in Float 




±10 




ma 


VoUT = 0.4toV C c 


ice 


Power Supply Current: 




30 


20 


mA 




'OHD 


Darlington Drive Current, Port B only 


-1.5 






mA 


V H = 1 5V 

Rext = 390Q 



Over specified temperature and voltage range. 
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AC CHARACTERISTICS 



RD, IORQ 




Number Symbol 


Parameter 


1 TcC 


Clock Cycle Time 


2 TwCh 


Clock Width (High) 


3 TwCI 


Clock Width (Low) 


4 TfC 


Clock Fall Time 


5 TrC 


Clock Rise Time 





Z8320-1 




Z8330-3 


(1.0 MHz) 




(2.5 MHz) 


Min 


Max 


Min 


Max 


1000 




400 




470 


2000 


170 


2000 


470 


2000 


170 


2000 




30 




30 




30 




30 



Notes* 



[1] 



NOTES: 

[1] TcC = TwCh + TwCI + TrC + TfC. 

[2] Increase TdRI(DO) by 1 ns for each 50 pf increase in load up to 200 

pf max. 
[3] Increase TdlO(DOI) by 1 ns for each 50 pf increase in loading up to 

200 pf max. 
[4] For Mode 2: TwSTB > TsPD(STB). 



[5] Increase these values by 2 ns for each 1 pf increase in loading up to 

1 00 pf max 
[6] TsCS(RI) may be reduced However, the time subtracted from 

TsCS(RI) will be added to TdRI(DO). 
[7] 2.5TcO(N-2)TdlEI(IE0f) + TdM1(IEO) + TslEI(IO) ± TTL Buffer 

Delay, if any 
[8] M 1 must be active for a minimum of two clock cycles to reset the PIO. 
*Timings are preliminary and subject to change. 
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AC CHARACTERISTICS (Continued) 








Z8320-1 




Z8330-3 










(1.0 MHz) 


I 


[2.5 MHz) 




Number Symbol 


Parameter 


Min 


Max 


Min 


Max 


Notes* 




TsCS(RI) 














6 


CE, B/A, C/D to RD, IORQ I Setup 








Time 


140 




50 




[6] 


7 


Th 


Any Hold Times for Specified Setup 
Time 














8 


TsRI(C) 


RD, IORQ to Clock t Setup Time 


300 




115 






9 


TdRI(DO) 


RD, IORQ \ to Data Out Delay 




1090 




430 


[2] 


10 


TdRI(DOs) 


RD, JORQ t to Data Out Float Delay 




410 




160 




11 


TsDI(C) 


Data In to Clock t Setup Time 


140 




50 




CL = 50 pf 


12 


TdlO(DOI) 


IORQ 1 to Data Out Delay 
















(INTACK Cycle) 




860 




340 


[3] 


13 


TsM1(Cr) 


M1 1 to Clock t Setup Time 


540 




210 






14 


TsM1(Cf) 


MT t to Clock 1 Setup Time (M 1 Cycle) 












[8] 


15 


TdM1(IEO) 


MT 1 to IEO 1 Delay (Interrupt 
















Immediately Preceding M1 1) 




760 




300 


[5,7] 


16 


TslEI(IO) 


IEI to IORQ 1 Setup Time (INTACK Cycle) 


360 




140 




[7] 


17 


TdlEI(IEOf) 


IEU to IEO I Delay 




480 




190 


[5] 
CL = 50 pf 


18 


TdlEI(IEOr) 


IEI t to IEO t Delay (after ED Decode) 




540 




210 


[5] 


19 


TclO(C) 


IORQ t to Clock I Setup Time 
(To Activate READY on Next Clock 
Cycle) 


560 




220 






20 


TdC(RDYr) 


Clock 1 to READY t Delay 




510 




200 


[5] 
CL = 50 pf 


21 


TdC(RDYf) 


Clock 1 to READYI Delay 




390 




150 


[5] 


22 


TwSTB 
TsSTB(C) 


STROBE Pulse Width 


390 




150 




[4] 


23 


STROBE t to Clock 1 Setup Time 








(To Activate READY on Next Clock 
















Cycle) 


560 




220 




[5] 


24 


TdlO(PD) 


lORQ t to PORT DATA Stable Delay 














TsPD(STB) 


(ModeO) 




510 




200 


[5] 


25 


PORT DATA to STROBE t Setup Time 








(Model) 


660 




260 








TdSTB(PD) 














26 


STROBE 1 to PORT DATA Stable 








(Mode 2) 




590 




230 


[5] 


27 


TdSTB(PDr) 


STROBE t to PORT DATA Float Delay 
















(Mode 2) 




510 




200 


CL = 50 pf 


28 


TdPD(INT) 


PORT DATA Match toTFTf \ Delay 
(Mode 3) 




1360 




540 




29 


TdSTB(INT) 


STROBE! to INT 1 Delay 




1240 




490 





NOTES: 

[1] TcC = TwCh + TwCI + TrC + TfC 

[2] Increase TdRI(DO) by 1 ns for each 50 pf increase in load up to 200 

pf max. 
[3] Increase TdlO(DOI) by 1 ns for each 50 pf increase in loading up to 

200 pf max. 
[4] For Mode 2 TwSTB > TsPD(STB). 



[5] Increase these values by 2 ns for each 1 pf increase in loading up to 

100pfmax. 
[6] TsCS(RI) may be reduced. However, the time subtracted from 

TsCS(RI) will be added to TdRI(DO). 
[7] 2.5TcO(N-2)TdlEI(IE0f) + TdM1(IEO) + TslEI(IO) ± TTL Buffer 

Delay, if any. 
[8] M 1 must be active for a minimum of two clock cycles to reset the PIO. 
Timings are preliminary and subject to change. 
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ORDERING INFORMATION 

Z80LPIO, 1.0 MHz 
40-pin DIP 

Z8320-1 PS 

Z80L PIO, 2.5 MHz 
40-pin DIP 

Z8320-3 PS 



Codes 

First letter is for package; second letter is for temperature. 

C = Ceramic DIP 

P = Plastic DIP 

L = Ceramic LCC 

V = Plastic PCC 



TEMPERATURE 
S = 0°Cto +70°C 
E = -40°Cto+85°C 
M*= -55°Cto +125°C 

Example: PS is a plastic DIP, 0°C to + 70°C. 



fAvailable soon. 

*For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 

FLOW 

B = 883 Class B 
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Z8330 Low Power 
Z80L® CTC 
Counter/Timer Circuit 



Zilog 



AC and DC Characteristics 



March 1985 



ABSOLUTE MAXIMUM RATINGS 



Voltages on all pins with respect 

to ground -0.3V to + 7V 

Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°Cto +150°C 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above these indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



TEST CONDITIONS 



The DC characteristics below apply for the following test 
conditions, unless otherwise noted. All voltages are 
referenced to GND (0V). Positive current flows into the 
referenced pin. 

Available operating temperature range is: 

■ S = 0°Cto +70°C, + 4.75V <V CC < + 5.25V 

The Ordering Information section lists package temperature 
ranges and product numbers. Package drawings are in the 
Package Information section. Refer to the Literature List for 
additional documentation. 



FROM OUTPUT t 
UNDER TEST v 



ioo P f:f <j)*? 




DC CHARACTERISTICS 



Symbol 



Parameter 



Max typical 



Unit Condition 



V|LC 


Clock Input Low Voltage 


-0.3 


+ 0.45 


V|HC 


Clock Input High Voltage 


Vcc-0.6 


Vcc + 0.3 


V|L 


Input Low Voltage 


-0.3 


+ 0.8 


V| H 


Input High Voltage 


+ 20 


v C c 


Vol 


Output Low Voltage 




+ 0.4 


VOH 


Output High Voltage 


+ 2.4 




Ili 


Input Leakage Current 




±10 


Ilo 


3-State Output Leakage Current in Float 




±10 


'cc 


Power Supply Current: 




30 


lOHD 


Darlington Drive Current 


-1.5 





20 



v 




V 




V 




V 




V 


Iol = 2.0 mA 


V 


lOH = -250 mA 


ma 


Vin = 0toV C c 


M A 


VoUT = 0-4toV C c 


mA 




mA 


V H = 1-5V 




R E XT = 390Q 



Over specified temperature and voltage range. 
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AC CHARACTERISTICS 



— — O ** 



i. DATA 



CSo, CSi 



WRITE < 



INTERRUPT , 
ACKNOWLEDGE 



CLK/TROo-3 

(COUNTER 
MODE) 



CLK/TRGo-3 

(TIMER 
MODE) 



"V 



*—®~ 



X 



+-®~ 



K 



X 



V 






v 



X 



Re 



h-®-»* 



-<6> 



X 



< 



X 



/ 



<6> 



i>H 



<*<?> 



J— 



^gq 



IH 



*#<?>| 



*<j> 



X 



*f 



-+<*>- 



"V 



■^®q 
"^®q 



X 



\. 



X 



-CD- 



\. 



f 



®- 

7T" 



-(24>- 



X 



-®- 



-dh 



> 



y 



\ 



> 
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AC CHARACTERISTICS (Continued) 








Z8330-1 




Z8330-3 










(1.0 MHz) 


(2.5 MHz) 




Number 


Symbol 


Parameter 


Min 


Max 


Min 


Max 


Notest* 


1 


TcC 


Clock Cycle Time 


1000 


[1] 


400 


[1] 




2 


TwCh 


Clock Width (High) 


470 




170 






3 


TwCI 


Clock Width (Low) 


470 


2000 


170 


2000 




4 


TfC 


Clock Fall Time 




30 




30 




5 


TrC 


Clock Rise Time 




30 




30 




6 


Th 


All Hold Times 














7 


TsCS(C) 


CS to Clock t Setup Time 


640 




250 






8 


TsCE(C) 


CE to Clock t Setup Time 


510 




200 






9 


TslO(C) 


IORQ I to Clock t Setup Time 


640 




250 






10 


TsRD(C) 


RtTl to Clock t Setup Time 


610 




240 






11 


TdC(DO) 


Clock t to Data Out Delay 




610 




240 


[2] 


12 


TdC(DOz) 


Clock I to Data Out Float Delay 




590 




230 




13 


TsDI(C) 


Data In to Clock t Setup Time 


160 




60 






14 


TsM1(C) 


Ml to Clock t Setup Time 


540 




210 






15 


TdM1(IEO) 


WM to IEOI Delay (Interrupt 
















immediately preceding MT ) 




760 




300 


[3] 


16 


TdlO(DOI) 


IORQ I to Data Out Delay (INTA Cycle) 




860 




340 


[2] 


17 


TdlEI(IEOf) 


IEU to IEO* Delay 




490 




190 


[3] 


18 


TdlEI(IEOr) 


IEI t to IEO t Delay (After ED Decode) 




560 




220 


[3] 


19 


TdC(INT) 


Clock t to INT I Delay 




(1) + 510 




(1) + 200 


[4,6] 


20 


TdCLK(INT) 


CLK/TRG t to INT i 
















tsCTR(C) satisfied 




(19) + (26) 




(19) + (26) 


[5,6] 






tsCTR(C) not satisfied 




(1) + (19) + (26) 




(1) + (1.0) + (26) 


[5,6] 


21 


TcCTR 


CLK/TRG Cycle Time 


2TcC 




2TcC 




[5] 


22 


TrCTR 


CLK/TRG Rise Time 




50 




50 




23 


TfCTR 


CLK/TRG Fall Time 




50 




50 




24 


TwCTRI 


CLK/TRG Width (Low) 


510 




200 






25 


TwCTRh 


CLK/TRG Width (High) 


510 




200 






26 


TsCTR(Cs) 


CLK/TRG t to Clock t Setup Time for 
















Immediate Count 


760 




300 




[5] 


27 


TsCTR(Ct) 


CLK/TRG t to Clock t Setup Time 
for enabling of Prescaler on 
















following clock t 


540 




210 




[4] 


28 


TdC(ZC/TOr) 


Clock t to ZC/TOt Delay 




660 




260 




29 


TdC(ZC/TOf 


Clock Mo ZC/TCH Delay 




490 




190 





NOTES: 

[1] TcC = TwCh + TwCI + TrC + TfC. 

[2] Increase delay by 1 ns for each 50 pf increase in loading, 200 pf 

maximum for data lines, and 100 pf for control lines. 
[3] Increase delay by 2 ns for each 1 pf increase in loading, 1 00 pf 

maximum. 
[4] Timer mode 



[5] Counter mode. 

[6] Parenthetical numbers reference the table number of a parameter, 

e.g., (1 ) refers to TcC. 
* RESET must be active for a minimum of 3 clock cycles. 
tUnits are nanoseconds unless otherwise specified. 
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ORDERING INFORMATION 

Z80LCTC,1.0MHz 
28-pin DIP 

Z8330-1 PS 

Z80L CTC, 2.5 MHz 
28-pin DIP 

Z8330-3 PS 



Codes 



First letter is for package; second letter is for temperature. 



C = Ceramic DIP 

P = Plastic DIP 

L = Ceramic LCC 

V = Plastic PCC 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 



TEMPERATURE 
S =0°Cto+70°C 
E = -40°Cto +85°C 
M*= -55°Cto+125°C 



FLOW 

B = 883 Class B 



Example: PS is a plastic DIP, 0°C to + 70°C. 

fAvailable soon. 

* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 
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Z8340 Low Power 

Z80 LSIO 

Serial Input/Output 



Zilog 



AC and DC Characteristics 



March 1985 



ABSOLUTE MAXIMUM RATINGS 

Voltages on all pins with respect 

toGND -0.3V to + 7.0V 

Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65 °C to + 150°C 

STANDARD TEST CONDITIONS 

The DC characteristics listed below apply for the following 
standard test conditions, unless otherwise noted. All 
voltages are referenced to GND (0V). Positive current flows 
into the referenced pin. 

Available operating temperature range is: 

■ S = 0°Cto +70°C, + 4.75V< V CC < + 5.25V 

The Ordering Information section lists package temperature 
ranges and product numbers. Package drawings are in the 
Package Information section. Refer to the Literature List for 
additional documentation. 

DC CHARACTERISTICS 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only, 
operation of the device at any condition above those indicated in the 
operational sections of these specifications is not implied Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability 



FROM OUTPUT , 



100 pf ?fc 




Symbol 



Parameter 



Min 



Max 



Typical 



Unit 



Condition 



VlLC 


Clock Input Low Voltage 


-0.3 


+ 0.45 


V|HC 


Clock Input High Voltage 


Vcc-0.6 


Vcc + 0.3 


V|L 


Input Low Voltage 


-0.3 


+ 0.8 


V| H 


Input High Voltage 


+ 2.0 


v C c 


Vol 


Output Low Voltage 




+ 0.4 


VOH 


Output High Voltage 


+ 2.4 




Ili 


Input Leakage Current 




±10 


Ilo 


3-State Output Leakage 








Current in Float 




±10 


'L(SY) 


SYNC Pin Leakage Current 




+ 10/-40 


•cc 


Power Supply Current 




30 



20 



V 




V 




V 




V 


Iql = 2.0 mA 


V 


l H = -250/iA 


juA 


V| N = 0toV C c 


ma 


VoilT = 0- 4 to Vcc 


ma 


V|N = 0toV C c 


mA 





Over specified temperature and voltage range. 
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AC CHARACTERISTICS 
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AC CHARACTERISTICS (Continued) 



Number Symbol 



Parameter 



Z8340-1t 

(1.0 MHz) 

Min Max 



Z8340-3t 

(2.5 MHz) 

Min Max 



1 


TcC 


Clock Cycle Time 


1000 


4000 


400 


4000 


2 


TwCh 


Clock Width (High) 


470 


2000 


170 


2000 


3 


TfC 


Clock Fall Time 




30 




30 


4 


TrC 


Clock Rise Time 




30 




30 


5 


TwCI 


Clock Width (Low) 


470 


2000 


170 


2000 


6 


TsAD(C) 


CE, C/D, B/A to Clock t Setup Time 


410 




160 




7 


TsCS(C) 


IORQ, RD to Clock t Setup time 


610 




240 




8 


TdC(DO) 


Clock t to Data Out Delay 




610 




240 


9 


TsDI(C) 


Data In to Clock t Setup (Write or Ml Cycle) 


140 




50 




10 


TdRD(DOz) 


RD t to Data Out Float Delay 




590 




230 


11 


TdlO(DOI) 


IORQ I to Data Out Delay (INTACK Cycle) 




860 




340 


12 


TsM1(C) 


M1 to Clock t Setup Time 


540 




210 




13 


TslEI(IO) 


IEI to IORQ 4 Setup Time (INTACK Cycle) 


510 




200 




14 


TdM1(IEO) 


M11 to IEO \ Delay (interrupt before M1) 




760 




300 


15 


TdlEI(IEOr) 


IEI t to IEO t Delay (after ED decode) 




380 




150 


16 


TdlEI(IEOf) 


IEI 4 to IEO 4 Delay 




380 




150 


17 


TdC(INT) 


Clock t to INT 4 Delay 




510 




200 


18 


TdlO(W/RWf) 


lORQ 4 or CE 4 to W/RDY 4 Delay (Wait Mode) 




760 




300 


19 


TdC(W/RR) 


Clock t to W/RDY 4 Delay (Ready Mode) 




310 




120 


20 


TdC(VWRWz) 


Clock 4 to W/RDY Float Delay (Wait Mode) 




390 




150 


21 


Th 


Any unspecified Hold when Setup is specified 













t Units are nanoseconds unless otherwise specified, 
timings are preliminary and subject to change. 
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AC CHARACTERISTICS (Continued) 



CTS, DCD, SYM 




—ft N 

s> — A - — ® — •* 

■*— (12>— ».^— @-^ 



X 



K 



-<§)- 



-d>- 



X 



X 



vf 



Number Symbol 



Parameter 



Z8340-1f 

(1.0 MHz) 

Min Max 



Z8340-3t 

(2.5 MHz) 

Min Max 



Notes 



1 


TwPh 


Pulse Width (High) 


500 




200 






2 


TwPI 


Pulse Width (Low) 


500 




200 






3 


TcTxC 


TxC Cycle Time 


1000 


oo 


400 


00 




4 


TwTxCI 


TxC Width (Low) 


460 


oo 


180 


oo 




5 


TwTxCh 


TxC Width (High) 


460 


00 


180 


oo 




6 


TdTxC(TxD) 


TxC 1 to TxD Delay (x1 Mode) 




1000 




400 




7 


TdTxC(W/RRf) 


TxC \ to W/RDY * Delay (Ready Mode) 


5 


9 


5 


9 


Clk Periods* 


8 


TdTxC(INT) 


TxCJtoiNTlDelay 


5 


9 


5 


9 


Clk Periods* 


9 


TcRxC 


RxC Cycle Time 


1000 


oo 


400 


00 




10 


TwRxCI 


RxC Width (Low) 


460 


oo 


180 


oo 




11 


TwRxCh 


RxC Width (High) 


460 


oo 


180 


oo 




12 


TsRxD(RxC) 


RxD to RxC t Setup Time (x1 Mode) 














13 


ThRxD(RxC) 


RxC t to RxD Hold Time (x1 Mode) 


360 




140 






14 


TdRxC(W/RRf) 


RxC t to W/RDY I Delay (Ready Mode) 


10 


13 


10 


13 


Clk Periods* 


15 


TdRxC(INT) 


RxC t to INTl Delay 


10 


13 


10 


13 


Clk Periods* 


16 


TdRxC(SYNC) 


RxC t to SYNC 1 Delay (Output Modes) 


4 


7 


4 


7 


Clk Periods* 


17 


TsSYNC(RxC) 


SYNC I to RxC t Setup (External Sync 
Modes) 


100 




100 






In all modes, the System clock rate must be at least five times the * System Clock 

maximum data rate. t Units are nanoseconds unless otherwise specified; 





RESET must be active a minimum of one complete Clock Cycle. 



timings are preliminary and subject to change. 
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ORDERING INFORMATION 

Z80LSIO,1.0MHz 
40-pin DIP 

Z8340-1 PS 

Z80LSIO,2.5MHz 
40-pin DIP 

Z8340-3 PS 



Codes 

First letter is for package; second letter is for temperature. 

C = Ceramic DIP R = Protopack 

P = Plastic DIP T = Low Profile Protopack 

L = Ceramic LCC DIP = Dual-ln-Line Package 

V = Plastic PCC LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 

TEMPERATURE FLOW 

S =0°Cto+70°C B =883 Class B 

E = -40°Cto+85°C 

M*= -55°Cto+125°C 

fAvailable soon. 

* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 
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Z80C 



Family 



Zilog 



Z84C00 CMOS 

Z80®CCPU 

Central Processing Unit 



Zilog 




Preliminary 

Product 

Specification 



April 1985 



FEATURES 

■ The Z80C combines the high performance of the Z80 
CPU with extremely low power consumption which 
results in increased reliability and very low system power 
requirements. This dramatic power savings makes the 
Z80C a natural choice for both hand-held and battery 
back-up operations. 

■ Two speed grades: 
Z84C00 DC to 2.5 MHz. 
Z84C00-4 DC to 4.0 MHz. 

■ Pin compatible with Z80 and Z80L CPUs. 

■ Software compatible with Z80 and Z80L CPUs. The 
extensive instruction set contains 158 instructions, 
including the 8080A instruction set as a subset. 

■ Single 5 volt power supply (± 10%). 







M1 

MREQ 
lORQ 
RD 
WR 

RFSH 

HALT 

WAIT 

Z84C00 
Z80C CPU 

INT 

urn 

RESET 


Ao 
Ai 
A 2 
A 3 
A 4 
A 5 
A 6 
A 7 
Ae 
A 9 
A 10 
An 
A12 
A13 
A14 
A15 

Do 
Di 
D 2 
D 3 
D 4 
D 5 
D 6 
D 7 






















SYSTEM J 
CONTROL ] 
























" 
























CPU J 
CONTROL ] 






*■ 
















f ^ 










CPU 


BUSREQ 




BUS < 








BUSACK 

CLK 
+ 5V 
GND 




CONTROL 


^ * 





































ADDRESS 
BUS 



v DATA 
/ BUS 



The Z80C microprocessors and associated family of 
peripherals can be linked by a vectored interrupt system. 
This system can be daisy-chained to allow implemen- 
tation of a priority interrupt scheme. 

Duplicate set of both general-purpose and flag registers. 

Two sixteen bit index registers. 

Three modes of maskable interrupts: 

Mode 0— 8080A similar; 

Mode 1— Non-Z80 environment, location 38H; 

Mode 2— Z80 family peripherals, vectored interrupts. 

Low Power Consumption 
Z84C00 9 mA typical Ice 
Z84C00-4 1 5 mA typical Ice 
Standby current less than 1 pA @ 5V 

On-chip dynamic memory refresh counter. 



I 







KJ 




An C 




40 


2 A10 


A12C 


2 


39 


]A 9 


A« C 


3 


38 


3 A 8 


A14 C 


4 


37 


3a 7 


A 15 C 


5 


36 


3A6 


CLK [I 


6 


35 


2 A 5 


°*L 




34 


2 A 4 


D 3 C 


8 


33 


2 A 3 


*C 


9 


32 


]A 2 


D 6 C 


10 


Z84C00 3 1 


2* 


+ 5V £ 


11 


Z80CCPU 30 


DAo 


D 2 C 


12 


29 


2 GND 


*L 


13 


28 


2 RFSH 


DoC 


14 


27 


2 Ml 


*c 


15 


26 


2 RESET 


INT £ 


16 


25 


J BUSREQ 


NMI £ 


17 


24 


2 WATT 


HALT £ 


18 


23 


J BUSACK 


MREQ ^ 


19 


22 


2 WR 


iORQ f^ 


20 


21 


2 RD 



Figure 1 . Pin Functions 



. 40-pin Dual-ln-Line (DIP), Pin Assignments 



2001-001,002 
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GENERAL DESCRIPTION 



The Z80C CPUs are fourth-generation enhanced micro- 
processors with exceptional computational power. They 
offer higher system throughput and more efficient memory 
utilization than comparable second- and third-generation 
microprocessors. The internal registers contain 208 bits of 
read/write memory that are accessible to the programmer. 
These registers include two sets of six general-purpose 
registers which may be used individually as either 8-bit 
registers or as 1 6-bit register pairs. In addition, there are two 
sets of accumulator and flag registers. A group of 
"Exchange" instructions makes either set of main or 
alternate registers accessible to the programmer. The 
alternate set allows operation in foreground-background 
mode or it may be reserved for very fast interrupt response. 



The Z80C also contains a Stack Pointer, Program Counter, 
two index registers, a Refresh register (counter), and an 
Interrupt register. The CPU is easy to incorporate into a 
system since it requires only a single + 5V power source. All 
output signals are fully decoded and timed to control 
standard memory or peripheral circuits; the CPU is 
supported by an extensive family of peripheral controllers. 
The internal block diagram (Figure 3) shows the primary 
fu notions of the Z80C processors. Subsequent text provides 
more detail on the Z80C I/O controller family, registers, 
instruction set, interrupts and daisy chaining, and CPU 
timing. 



INSTRUCTION 
DECODER 



GND -► 
CLOCK -► 



t 



INSTRUCTION 
REGISTER 



CPU 

TIMING 

CONTROL 



=} 



CPU 
TIMING 



UTT 

8 SYSTEMS 5 CPU 

AND CPU CONTROL 

CONTROL INPUTS 
OUTPUTS 




16-BIT 
ADDRESS BUS 



Figure 3. Z80C CPU Block Diagram 



Z80C MICROPROCESSOR FAMILY 



The Zilog Z80C microprocessor is the central element of a 
comprehensive microprocessor product family. This family 
works together in most applications with minimum 
requirements for additional logic, facilitating the design of 
efficient and cost-effective microcomputer- based systems. 

Zilog has designed five components to provide extensive 
support for the Z80C microprocessor. These are: 

■ The PIO (Parallel Input/Output) operates in both 
data-byte I/O transfer mode (with handshaking) and in bit 
mode (without handshaking). The PIO may be 
configured to interface with standard parallel peripheral 
devices such as printers, tape punches, and keyboards. 

■ The CTC (Counter/Timer Circuit) features four pro- 
grammable 8-bit counter/timers, each of which has an 
8-bit prescaler. Each of the four channels may be 
configured to operate in either counter or timer mode. 



The DMA (Direct Memory Access) controller provides 
dual port data transfer operations and the ability to 
terminate data transfer as a result of a pattern match. 

The SIO (Serial Input/Output) controller offers two 
channels. It is capable of operating in a variety of 
programmable modes for both synchronous and 
asynchronous communication, including Bi-Synch and 
SDLC. 

The DART (Dual Asynchronous Receiver/Transmitter) 
device provides low cost asynchronous serial communi- 
cation. It has two channels and a full modem control 
interface. 

The above peripherals are compatible with the Z80C 
CPU; in addition, the PIO, CTC, and SIO devices will be 
available in CMOS versions. 
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2001-004 



Z80C CPU REGISTERS 



Figure 4 shows three groups of registers within the Z80C 
CPU. The first group consists of duplicate sets of 8-bit 
registers: a principal set and an alternate set [designated by 
' (prime), e.g., A*]. Both sets consist of the Accumulator 
register, the Flag register, and six general-purpose registers. 
Transfer of data between these duplicate sets of registers is 
accomplished by use of "Exchange" instructions. The result 
is faster response to interrupts and easy, efficient 
implementation of such versatile programming techniques 



as background-foreground data processing. The second 
set of registers consists of six registers with assigned 
functions. These are the I (Interrupt register), the R (Refresh 
register), the IX and IY (Index registers), the SP (Stack 
Pointer), and the PC (Program Counter). The third group 
consists of two interrupt status flip-flops, plus an additional 
pair of flip-flops which assists in identifying the interrupt 
mode at any particular time. Table 1 provides further 
information on these registers. 



MAIN REGISTER SET 



ALTERNATE REGISTER SET 



A ACCUMULATOR 


F FLAG REGISTER 


A' ACCUMULATOR 


F 1 FLAG REGISTER 


B GENERAL PURPOSE 


C GENERAL PURPOSE 


B' GENERAL PURPOSE 


C GENERAL PURPOSE 


D GENERAL PURPOSE 


E GENERAL PURPOSE 


D' GENERAL PURPOSE 


E' GENERAL PURPOSE 


H GENERAL PURPOSE 


L GENERAL PURPOSE 


H' GENERAL PURPOSE 


L' GENERAL PURPOSE 



3 

a 



-* — 


16 BITS 


». 


IX INDEX REGISTER 


IY INDEX REGISTER 


SP STACK POINTER 


PC PROGRAM COUNTER 


1 INTERRUPT VECTOR 


R MEMORY REFRESH 



INTERRUPT FLIP-FLOPS STATUS 



I- = INTERRUPTS DISABLED 
- 1 = INTERRUPTS ENABLED 



STORES IFF1 

DURING NMl 

SERVICE 



1 



INTERRUPT MODE FLIP-FLOPS 



IMF a 


IMF b 



INTERRUPT MODE 

1 NOT USED 

INTERRUPT MODE 1 

1 INTERRUPT MODE 2 



Figure 4. CPU Registers 



INTERRUPTS: GENERAL OPERATION 



The CPU accepts two interrupt input signals: NMl and INT. 
The NMl is a non-maskable interrupt and has the highest 
priority. INT is a lower priority interrupt and it requires that 
interrupts be enabled in software in order to operate. INT 
can be connected to multiple peripheral devices in a 
wired-OR configuration. 

The Z80C has a single response mode for interrupt service 
for the non-maskable interrupt. The maskable interrupt, INT, 
has three programmable response modes available. These 
are: 

■ Mode — similar to the 8080 microprocessor. 

Mode 1 — Peripheral Interrupt service, for use with 



non-8080/Z80C systems. 



■ Mode 2 — a vectored interrupt scheme, usually 
daisy-chained, for use with Z80C Family and compatible 
peripheral devices. 

The CPU services interrupts by sampling the NMl and TFTT 
signals at the rising edge of the last clock of an instruction. 
Further interrupt service processing depends upon the type 
of interrupt that was detected. Details on interrupt responses 
are shown in the CPU Timing Section. 

Non-Maskable Interrupt (NMl). The nonmaskable 
interrupt cannot be disabled by program contr ol an d 
therefore will be accepted at all times by the CPU. NMl is 
usually reserved for servicing only the highest priority type 
interrupts, such as that for orderly shutdown after power 
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Z80C CPU REGISTERS (Continued) 



Table 1 . Z80C CPU Registers 



Register 



Size (Bits) 



Remarks 



A, A' 


Accumulator 


8 


F,F 


Flags 


8 


B,B' 


General Purpose 


8 


C,C 


General Purpose 


8 


D,D' 


General Purpose 


8 


E, E' 


General Purpose 


8 


H,H' 


General Purpose 


8 


L,L' 


General Purpose 


8 



IX 
IY 
SP 

PC 

IFF r IFF 2 

IMFa-IMFb 



Interrupt Register 
Refresh Register 

Index Register 
Index Register 
Stack Pointer 

Program Counter 
Interrupt Enable 
Interrupt Mode 



16 
16 
16 

16 
Flip-Flops 
Flip-Flops 



Stores an operand or the results of an operation. 

See Instruction Set. 

Can be used separately or as a 1 6-bit register with C. 

Can be used separately or as a 1 6-bit register with C. 

Can be used separately or as a 1 6-bit register with E. 

Can be used separately or as a 16-bit register with E. 

Can be used separately or as a 16-bit register with L. 

Can be used separately or as a 1 6-bit register with L. 

Note: The (B,C), (D,E), and (H.L) sets are combined as follows: 

B — High byte C — Low byte 

D — High byte E — Low byte 

H — High byte L — Low byte 

Stores upper eight bits of memory address for vectored interrupt 
processing. 

Provides user-transparent dynamic memory refresh. Automatically 
incremented and placed on the address bus during each 
instruction fetch cycle. 
Used for indexed addressing. 
Used for indexed addressing 

Holds address of the top of the stack. See Push or Pop in instruction 
set. 

Holds address of next instruction. 

Set or reset to indicate interrupt status (see Figure 4). 

Reflect Interrupt mode (see Figure 4). 



failure has been detected . After recognition of the NMI 
signal (providing BUSREQ is not active), the CPU jumps to 
restart location 0066H. Normally, software starting at this 
address contains the interrupt service routine. 

Maskable Interrupt (INT). Regardless of the interrupt 
mode set by the user, the Z80C response to a maskable 
interrupt input follows a common timing cycle. After the 
interrupt has been detect ed by the CPU (provided that 
interrupts are enabled and BUSREQ is not active) a special 
interrupt processing cycle b egins. This is a special fetch 
(M1) c ycle in which ]ORQ becomes active rather t han 
MREQ, as in a normal M1 cycle. In ad dition, this special M1 
cycle is automatically extended by two WAIT states, to allow 
for the time required to acknowledge the interrupt request. 

Mode Interrupt Operation. This mode is similar to the 
8080 microprocessor interrupt service procedures. The 
interrupting device places an instruction on the data bus. 
This is normally a Restart instruction, which will initiate a call 



to the selected one of eight restart locations in page zero of 
memory. Unlike the 8080, the Z80C CPU responds to the 
Call instruction with only one interrupt acknowledge cycle 
followed by two memory read cycles. 

Mode 1 Interrupt Oper ation. Mode 1 operation is very 
similar to that for the NMI. The principal difference is that the 
Mode 1 interrupt has only one restart location, 0038H. 

Mode 2 Interrupt Operation. This interrupt mode has 
been designed to utilize most effectively the capabilities of 
the Z80C microprocessor and its associated peripheral 
family. The interrupting peripheral device selects the starting 
address of the interrupt service routine. It does this by 
placing an 8-bit vector on the data bus during the interrupt 
acknowledge cycle. The CPU forms a pointer using this byte 
as the lower 8 bits and the contents of the I register as the 
upper 8 bits. This points to an entry in a table of addresses 
for interrupt service routines. The CPU then jumps to the 
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routine at that address. This flexibility in selecting the 
interrupt service routine address allows the peripheral 
device to use several different types of service routines. 
These routines may be located at any available location in 
memory. Since the interrupting device supplies the 
low-order byte of the 2-byte vector, bit (Aq) must be a zero. 

Interrupt Priority (Daisy Chaining and Nested 
Interrupts). The interrupt priority of each peripheral device 
is determined by its physical location within a daisy-chain 
configuration. Each device in the chain has an interrupt 
enable input line (IEI) and an interrupt enable output line 
(IEO), which is fed to the next lower priority device. The first 
device in the daisy chain has its IEI input hardwired to a High 
level. The first device has highest priority, while each 
succeeding device has a corresponding lower priority. This 
arrangement permits the CPU to select the highest priority 
interrupt from several simultaneously interrupting 
peripherals. 

The interrupting device disables its IEO line to the next lower 
priority peripheral until it has been serviced. After servicing, 
its IEO line is raised, allowing lower priority peripherals to 
demand interrupt servicing. 

The Z80C CPU will nest (queue) any pending interrupts or 
interrupts received while a selected peripheral is being 
serviced. 



Interrupt Enable/Disable Operation. Two flip-flops, IFF 1 
and IFF2, referred to in the register description, are used to 
signal the CPU interrupt status. Operation of the two 
flip-flops is described in Table 2. For more details, refer to the 
Z80CPU Technical Manual (03-0029-01) and Z80 Assembly 
Language Programming Manual (03-0002-01). 

Table 2. State of Flip-Flops 



Action 



IFF1 IFF2 Comments 



CPU Reset 

Dl instruction execution 

El instruction execution 1 

LD A, I instruction execution • 

LD A,R instruction execution • 

Accept NMI 

RETN instruction execution IFF2 



IFF1 



Maskable interrupt 

JNTdisabled 
Maskable interrupt 

INT disabled 
Maskable interrupt 

INT enabled 
IFF 2 -* Parity flag 
IFF 2 — Parity flag 
IFF 1 -* IFF 2 

(Maskable interrupt 

INT disabled) 
IFF 2 -IFF 1 at 

completion of an 

NMI service 

routine. 



3 



INSTRUCTION SET 

The Z80C microprocessr has one of the most powerful and 
versatile instruction sets available in any 8-bit micro- 
processor. It includes such unique operations as a block 
move for fast, efficient data transfers within memory, or 
between memory and I/O. It also allows operations on any 
bit in any location in memory. 

The following is a summary of the Z80C instruction set which 
shows the assembly language mnemonic, the operation, 
the flag status, and gives comments on each instruction. For 
an explanation of flag notations and symbols for mnemonic 
tables, see the Symbolic Notations section which follows 
these tables. The Z80 CPU Technical Manual (03-0029-01 ), 
the Programmer's Reference Guide (03-0012-03), and 
Assembly Language Programming Manual (03-0002-01) 
contain significantly more details for programming use. 

The instructions are divided into the following categories: 

□ 8-bit loads 
D 16-bit loads 

□ Exchanges, block transfers, and searches 

□ 8-bit arithmetic and logic operations 

□ General-purpose arithmetic and CPU control 

□ 1 6-bit arithmetic operations 

□ Rotates and shifts 



□ Bit set, reset, and test operations 

□ Jumps 

□ Calls, returns, and restarts 

□ Input and output operations 

A variety of addressing modes are implemented to permit 
efficient and fast data transfer between various registers, 
memory locations, and input/output devices. These 
addressing modes include: 

□ Immediate 

□ Immediate extended 

□ Modified page zero 

□ Relative 

□ Extended 

□ Indexed 
D Register 

□ Register indirect 

□ Implied 

□ Bit 
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8-BIT LOAD GROUP 



Mnemonic 


Symbolic 
Operation 


S 


z 




Flags 

H P/VN 


c 


Opcode 
76 543 210 


Hex 


No. of 
Bytes 


No.ofM No.ofT 
Cycles States 


Comments 


LD r, r' 


r*-r' 


• 


• 


X 


• 


X • 


• 


• 


01 


r r' 




1 


1 


4 


r, r' 


Reg. 


LDr.n 


r«-n 


• 


• 


X 


• 


X • 


• 


• 


00 


r 110 




2 


2 


7 


000 
001 


B 
C 


LDr.(HL) 


r-(HL) 


• 


• 


X 


• 


X • 


• 


• 


01 


r 110 




1 


2 


7 


010 


D 


LDr,(IX + d) 


r*-(IX + d) 


• 


• 


X 


• 


X • 


• 


• 


11 

01 


011 101 
r 110 
«^d-* 


DD 


3 


5 


19 


011 
100 
101 


E 
H 
L 


LDr,(IY+d) 


r-(IY + d) 


• 


• 


X 


• 


X • 


• 


• 


11 

01 


111 101 
r 110 
*-d^ 


FD 


3 


5 


19 


111 


A 


LD(HL),r 
LD(IX + d),r 


(HL)-r 
(IX + d)^r 


• 
• 


• 
• 


X 
X 


• 
• 


X • 
X • 


• 
• 


• 
• 


01 

11 

01 


110 r 
011 101 
110 r 
<^d- 


DD 


1 
3 


2 
5 


7 
19 






LD(IY + d),r 


(IY + d)*-r 


• 


• 


X 


• 


X • 


• 


• 


11 

01 


111 101 
110 r 
«-d-* 


FD 


3 


5 


19 






LD(HL),n 


(HL)*-n 


• 


• 


X 


• 


X • 


• 


• 


00 


110 110 


36 


2 


3 


10 






LD(IX + d),n 


(IX + d)«-n 


• 


• 


X 


• 


X • 


• 


• 


11 

00 


011 101 
110 110 


DD 
36 


4 


5 


19 






LD(IY + d),n 


(IY + d)«-n 


• 


• 


X 


• 


X • 


• 


• 


11 

00 


111 101 
110 110 


FD 
36 


4 


5 


19 






LDA,(BC) 


A«-(BC) 


• 


• 


X 


• 


X • 


• 


• 


00 


001 010 


OA 


1 


2 


7 






LDA.(DE) 
LDA,(nn) 


A-(DE) 
A«-(nn) 


• 
• 


• 
• 


X 
X 


• 
• 


X • 
X • 


• 
• 


• 
• 


00 
00 


011 010 
111 010 


1A 
3A 


1 
3 


2 
4 


7 
13 






LD(BC),A 
LD(DE),A 
LD(nn),A 


(BC)«-A 
(DE)-A 
(nn)«-A 


• 
• 
• 


• 
• 
• 


X 
X 
X 


• 
• 
• 


X • 
X • 
X • 


• 
• 
• 


• 
• 
• 


00 
00 
00 


000 010 
010 010 
110 010 
•*-n-* > 


02 
12 
32 


1 
1 
3 


2 
2 
4 


7 
7 
13 






LDA.I 


A+-I 


♦ 


t 


X 





X IFF 





• 


11 

01 


101 101 
010 111 


ED 
57 


2 


2 


9 






LDA.R 


A*-R 


t 


$ 


X 





X IFF 





• 


11 

01 


101 101 
011 111 


ED 
5F 


2 


2 


9 






LDI.A 


l-A 


• 


• 


X 


• 


X • 


• 


• 


11 

01 


101 101 
000 111 


ED 
47 


2 


2 


9 






LDR.A 


R-A 


• 


• 


X 


• 


X • 


• 


• 


11 

01 


101 101 
001 111 


ED 
4F 


2 


2 


9 







NOTE: IFF-! , the content of the interrupt enable flip-flop, (IFFi), is copied into the P/V flag. 
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16-BIT LOAD GROUP 



Symbolic Flags Opcode No. of No. ofM No. ofT 

Mnemonic Operation S Z H P/V N C 76 543 210 Hex Bytes Cycles States Comments 

LDdd, nn dd«-nn • • X • X • • • 00 ddO 001 3 3 10 dd Pair 



*- n — 00 BC 

«-n-* 01 DE 

LDIX, nn IX^nn • • X • X • • • 11 011 101 DD 4 4 14 10 HL 

00 100 001 21 11 SP 

*-n-» 
*-n-» 
LDIY.nn IY*-nn • • X • X • • • 11 111 101 FD 4 4 14 

00 100 001 21 
*-n-* 

*""""* M 

LDHL.(nn) H-(nn + 1) • • X • X • • • 00 101 010 2A 3 5 16 g 

L^(nn) -n- O 

2 

LDdd.(nn) dd H «-(nn + 1) • • X • X • • • 11 101 101 ED 4 6 20 10 

dd L ^(nn) 01 dd1 011 Q 

«-n-* 
LDIX.(nn) IX H *-(nn + 1) • • X • X • • • 11 011 101 DD 4 6 20 

IX L «-(nn) 00 101 010 2A 

*-n-* 
*-n-* 
LDIY.(nn) IY H -(nn + 1) • • X • X • • • 11 111 101 FD 4 6 20 

IY L -(nn) 00 101 010 2A 

*-n-* 
*-n-* 
LD(nn),HL (nn+1)«-H • • X • X • • • 00 100 010 22 3 5 16 

(nn)*-L *- n -* 

*-n-* 
LD(nn),dd (nn + 1)^-dd H • • X • X • • • 11 101 101 ED 4 6 20 

(nn)«-dd L 01 ddO 011 

*-n-* 
«-n-* 
LD(nn),IX (nn + 1)«-IX H • • X • X • • • 11 011 101 DD 4 6 20 

(nn)*-IX L 00 100 010 22 

*-n-* 
LD(nn),IY (nn + 1)<HY H • • X • X • • • 11 111 101 FD 4 6 20 

(nn)*-IY L 00 100 010 22 

*-n-* 

*-n-* 

LDSRHL SP«-HL • • X • X • • • 11 111 001 F9 1 

LDSRIX SP*-IX • • x • X • • • 11 011 101 DD 

11 111 001 F9 
LDSRIY SP«-IY • • X • X • • • 11 111 101 FD 

11 111 001 F9 
PUSHqq (SP-2)-qq L • • X • X • • • 11 qqO 101 
(SP-1)-qq H 
SP-SP-2 
PUSH IX (SP-2)*-IX L • • X • X • • • 11 011 101 DD 



1 


1 


6 






2 


2 


10 






2 


2 


10 


qq 


Pair 


1 


3 


11 


00 
01 
10 


BC 
DE 
HL 


2 


4 


15 


11 


AF 



NOTE: (PAIR)h, (PAIR)|_ refer to high order and low order eight bits of the register pair respectively, e.g., BCl = C, AFh = A. 
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16-BIT LOAD GROUP (Continued) 



Symbolic 
Mnemonic Operation S Z 



Flags Opcode No. of No. ofM No. ofT 

H P/V N C 76 543 210 Hex Bytes Cycles States Comments 



(SP-1)-IX H 

SP-SP -2 
PUSHIY (SP-2)«-IY L • 

(SP-1)-IY H 

SP-*SP-2 
POPqq qq H *-(SP+1) • 

qqL-(SP) 

SP-SP+2 
POP IX IX H -(SP + 1) • • X 

IX L -(SP) 

SP^SP+2 
POPIY IY H ^(SP+1) • • X 

IYl-(SP) 

SP-SP+2 



11 100 101 E5 

X • X • • • 11 111 101 FD 

11 100 101 E5 

X • X • • • 11 qqO 001 



11 011 101 DD 

11 100 001 E1 

11 111 101 FD 

11 100 001 E1 



• X 



15 



10 



14 



14 



EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS 



Symbolic 
Mnemonic Operation 



Flags Opcode No. of No. ofM No. ofT 

S Z H P/VN C 76 543 210 Hex Bytes Cycles States Comments 



EXDE, HL DE^HL 

EXAF.AF' AF~AF' 

EXX BC~BC 

DE~DE' 

HL^HL' 

EX(SP),HL H~(SP+1) • 

L-(SP) 
EX(SP),IX IX H ~(SP + 1) • 

IX L ~(SP) 
EX(SP),IY IY H ~(SP+1) • 

IYL**(SP) 



LDI 



LDIR 



(DE)-(HL) 
DE*-DE + 1 
HL^HL + 1 
BC^-BC-1 



(DE)-(HL) 
DE*-DE + 1 
HL*-HL+1 
BC«-BC-1 
Repeat until 
BC = 



X • X 
X • X 
X • X 



X 



© 

X $ 



X X 



11 


101 


011 


EB 


1 


1 


4 




00 


001 


000 


08 


1 


1 


4 




11 


011 


001 


D9 


1 


1 


4 


Register bank 
and auxiliary 
register bank 
exchange 


11 


100 


011 


E3 


1 


5 


19 




11 


011 


101 


DD 


2 


6 


23 




11 


100 


011 


E3 










11 


111 


101 


FD 


2 


6 


23 




11 


100 


011 


E3 










11 


101 


101 


ED 


2 


4 


16 


Load (HL) into 


10 


100 


000 


A0 








(DE), increment 
the pointers and 
decrement the 
byte counter 
(BC) 


11 


101 


101 


ED 


2 


5 


21 


lfBC#0 


10 


110 


000 


B0 


2 


4 


16 


If BC = 



NOTE: (3) P/V flag is if the result of BC - 1 =0, otherwise PA/ = 1 . 
@ P/V flag is only at completion of instruction. 
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EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS (Continued) 



Mnemonic 


Symbolic 
Operation 


S 


z 




Flags 

H P/VN 


c 


Opcode 
76 543 210 


Hex 


No. of 
Bytes 


No.ofM No.ofT 
Cycles States 


Comments 


LDD 


(DE)-(HL) 
DE-DE-1 
HL«-HL-1 


• 


• 


X 





© 

X ♦ 


• 


11 
10 


101 101 
101 000 


ED 
A8 


2 


4 16 




LDDR 


BC-BC-1 
(DE)-(HL) 


• 


• 


X 





© 

X 


• 


11 


101 101 


ED 


2 


5 21 


If BC * 




DE^DE-1 














10 


111 000 


B8 


2 


4 16 


If BC = 




HL^HL-1 




























BC-BC-1 


























CPI 


Repeat until 
BC = 

A - (HL) 

HL*-HL+1 

BC^BC-1 


I 


® 

1 


X 


* 




X $ 1 


• 


11 

10 


101 101 
100 001 


ED 
A1 


2 


4 16 





® © 

CPIR A-(HL) t $ X t X t 1 • 11 101 101 ED 2 5 21 IfBC^Oand 

A#(HL) 
HL^-HL+1 10 110 001 B1 2 4 16 lfBC=0or 

BC^BC-1 A = (HL) 

Repeat until 
A = (HL)or 
BC = 

® © 

CPD A - (HL) t t X t X t 1 • 

HL^HL-1 
BC-BC-1 

® © 

CPDR A - (HL) I t X $ X $ 1 • 

HL^HL-1 
BC^BC-1 
Repeat until 
A = (HL)or 
BC = 

NO rE: ©P/V flag is if the result of BC - 1 = 0, otherwise P/V = 1 . 
@ P/V flag is only at completion of instruction. 
® Z flag is 1 if A = HL , otherwise Z = 0. 



11 


101 


101 


ED 


2 


4 


16 




10 


101 


001 


A9 










11 


101 


101 


ED 


2 


5 


21 


If BC # and 
A#(HL) 


10 


111 


001 


B9 


2 


4 


16 


If BC = or 
A = (HL) 



3 
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8-BIT ARITHMETIC AND LOGICAL GROUP 





Symbolic 










Flags 








I 


Opcode 




No. of 


No.ofM No.ofT 




Mnemonic 


Operation 




S 


z 




H 




P/VN 


c 


76 


543 210 


Hex 


Bytes 


Cycles 


States 


Comments 


ADDA.r 


A-A + r 




♦ 


t 


X 


$ 


X 


V 





* 


10 


[OOOl r 




1 


1 


4 


r Reg. 


ADDA.n 


A«-A + n 




♦ 


t 


X 


$ 


X 


V 





$ 


11 


foool 110 




2 


2 


7 


000 B 

001 C 
010 D 


ADDA.(HL) 


A«-A + (HL) 


* 


t 


X 


♦ 


X 


V 





* 


10 


foool 110 




1 


2 


7 


011 E 


ADDA, (IX + 


d)A-A + (IX + 


■d) 


♦ 


t 


X 


* 


X 


V 





t 


11 

10 


011 101 
foool 110 


DD 


3 


5 


19 


100 H 

101 L 
111 A 


ADDA,(IY + 


d)A^-A + (IY4 


-d) 


t 


t 


X 


* 


X 


V 





t 


11 

10 


111 101 

foool 110 
«-d-» 


FD 


3 


5 


19 




ADCA.s 


A«-A + s + 


CY t 


t 


X 


* 


X 


V 





* 




fooTl 










s is any of r, n, 


SUBs 


A-A-s 




t 


t 


X 


♦ 


X 


V 


1 


* 




Loioj 










(HL),(IX + d). 


SBCA.s 


A^A-s- 


CY t 


t 


X 


* 


X 


V 


1 


t 




Ion I 










(IY + d)as 


ANDs 


A«-A>s 




* 


t 


X 


1 


X 


p 










Li oo I 










shown for ADD 


ORs 


A«-A>s 




t 


t 


X 





X 


p 










11101 










instruction. The 


XORs 


A«-Aes 




t 


♦ 


X 





X 


p 










Roil 










indicated bits 


CPs 


A-s 




t 


t 


X 


♦ 


X 


V 


1 


I 




rnn 










replace the 
1 000! in the 
ADD set above. 


INCr 


r«-r+1 




t 


t 


X 


* 


X 


V 





• 


00 


r ROOl 




1 


1 


4 




INC(HL) 


(HL)- 




































(HL) + 1 




* 


t 


X 


♦ 


X 


V 





• 


00 


110 hooi 




1 


3 


11 




INC(IX + d) 


(IX + d)*- 
(IX + d) + 1 




t 


t 


X 


$ 


X 


V 





• 


11 

00 


011 101 

110 [Tool 

-d- 


DD 


3 


6 


23 




INC(IY + d) 


(IY + d) + 1 




t 


t 


X 


$ 


X 


V 





• 


11 

00 


111 101 

110 fTool 

fion 


FD 


3 


6 


23 




DECm 


m*-m-1 




t 


$ 


X 


$ 


X 


V 


1 


• 














NOTE: misanyofr,(HL),(IX- 


fd),(IY 


+d) 


as shown for INC. DEC same format and states as INC. 


Replace 1 100 | with 1 101 | in opcode. 



GENERAL-PURPOSE ARITHMETIC AND CPU CONTROL GROUPS 



Symbolic 
Mnemonic Operation S Z 



Flags Opcode No. of No.ofM No.ofT 

H P/VN C 76 543 210 Hex Bytes Cycles States Comments 



DAA 
CPL 

NEG 



A*-A 



$ $ X t X P • $ 00 100 111 27 1 1 

• • X 1 X • 1 • 00 101 111 2F 1 1 



A-0-A $ t X * X V 1 $ 11 101 101 ED 

01 000 100 44 



Decimal adjust 

accumulator. 

Complement 

accumulator 

(one's 

complement). 

Negate ace. 

(two's 

complement). 



NOTES @ converts accumulator content into packed BCD following add or subtract with packed BCD operands. 
IFF indicates the interrupt enable flip-flop. 
CY indicates the carry flip-flop. 
• indicates interrupts are not sampled at the end of El or Dl. 



296 



GENERAL-PURPOSE ARITHMETIC AND CPU CONTROL GROUPS (Continued) 



Symbolic 
Mnemonic Operation 


S 


z 




Flags 
H 


P/VN 


c 


( 

76 


Dpcode 
543 210 


Hex 


No. of 
Bytes 


No.ofM No.ofT 
Cycles States 


Comments 




CCF 


CY-CY 


• 


• 


X 


X 


X 


• 





1 


00 


111 


111 


3F 


1 


1 


4 


Complement 
carry flag. 




SCF 


CY<M 


• 


• 


X 





X 


• 





1 


00 


110 


111 


37 






4 


Set carry flag. 




NOP 


No operation 


• 


• 


X 


• 


X 


• 


• 


• 


00 


000 


000 


00 






4 






HALT 


CPU halted 


• 


• 


X 


• 


X 


• 


• 


• 


01 


110 


110 


76 






4 






Dl* 


IFF«-0 


• 


• 


X 


• 


X 


• 


• 


• 


11 


110 


011 


F3 






4 






El* 


IFF«-1 


• 


• 


X 


• 


X 


• 


• 


• 


11 


111 


011 


FB 






4 






IMO 


Set interrupt 
modeO 


• 


• 


X 


• 


X 


• 


• 


• 


11 

01 


101 
000 


101 
110 


ED 
46 


2 


2 


8 






IM1 


Set interrupt 
model 


• 


• 


X 


• 


X 


• 


• 


• 


11 

01 


101 
010 


101 
110 


ED 
56 


2 


2 


8 




S 


IM2 


Set interrupt 


• 


• 


X 


• 


X 


• 


• 


• 


11 


101 


101 


ED 


2 


2 


8 




8 




mode 2 


















01 


011 


110 


5E 










NOTES: 


@ converts accumulator content into packed BCD following add or 

IFF indicates the interrupt enable flip-flop. 

CY indicates the carry flip-flop. 

* indicates interrupts are not sampled at the end of El or Dl. 


subtract with packed BCD operands. 
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1 6-BIT ARITHMETIC GROUP 



Mnemonic 


Symbolic 
Operation 


S 


Z 




Flags 
H 


P/VN 


c 


Opcode 
76 543 210 


Hex 


No. of 
Bytes 


No.ofM No.ofT 
Cycles States 


Comments 


ADD HL, ss 


HL-HL + ss 


• 


• 


X 


X 


X 


• 





t 


00 


ssl 


001 




1 


3 


11 


ss 
00 


Reg. 
BC 


ADC HL, ss 


HL*- 
































01 


DE 




HL + ss + CY 


* 


t 


X 


X 


X 


V 





t 


11 

01 


101 
ss1 


101 
010 


ED 


2 


4 


15 


10 
11 


HL 
SP 


SBC HL, ss 


HL«- 






































HL-ss-CY 


* 


t 


X 


X 


X 


V 


1 


t 


11 

01 


101 
ssO 


101 
010 


ED 


2 


4 


15 






ADD IX, pp 


IX«-IX + pp 


• 


• 


X 


X 


X 


• 





♦ 


11 

01 


011 
pp1 


101 
001 


DD 


2 


4 


15 


PP 
00 
01 
10 
11 


Reg. 

BC 

DE 

IX 

SP 


ADD IY, rr 


IY*-IY + rr 


• 


• 


X 


X 


X 


• 





* 


11 

00 


111 
rr1 


101 
001 


FD 


2 


4 


15 


rr 
00 


Reg. 
BC 


INCss 


ss *- ss + 1 


• 


• 


X 


• 


X 


• 


• 


• 


00 


ssO 


011 




1 


1 


6 


01 


DE 


INC IX 


IX-IX+1 


• 


• 


X 


• 


X 


• 


• 


• 


11 

00 


011 
100 


101 
011 


DD 
23 


2 


2 


10 


10 
11 


IY 
SP 


INCIY 


IY-IY+1 


• 


• 


X 


• 


X 


• 


• 


• 


11 

00 


111 
100 


101 
011 


FD 
23 


2 


2 


10 






DECss 


ss «- ss - 1 


• 


• 


X 


• 


X 


• 


• 


• 


00 


ss1 


011 




1 


1 


6 






DEC IX 


IX — IX — 1 


• 


• 


X 


• 


X 


• 


• 


• 


11 

00 


011 
101 


101 
011 


DD 
2B 


2 


2 


10 






DECIY 


IY — IY— 1 


• 


• 


X 


• 


X 


• 


• 


• 


11 

00 


111 
101 


101 
011 


FD 
2B 


2 


2 


10 
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ROTATE AND SHIFT GROUP 



Symbolic Flags Opcode 

Mnemonic Operation S Z H P/V N C 76 543 210 Hex 



No. of No.ofM No.ofT 

Bytes Cycles States Comments 



RLCA 



RLA 



RRCA 



RRA 



ETyL- i 7^-o> ] • • x o x • o * oo ooo 111 07 



Lf^V- H 7—Fp •• X X • I 00 010 111 17 



L | 7—^o h -^f^l • • X X • t 00 001 111 OF 



L | 7->o [ -LriTp • • x o x • o 



1 1 



1 1 



1 1 



t 00 011 111 1F 1 



Rotate left 
circular 
accumulator. 
Rotate left 
accumulator. 

Rotate right 
circular 
accumulator. 
Rotate right 
accumulator. 



RLCr 



RLC(HL) 



RLC(IX + d) 



t * X X P t 



t t X X P $ 



t t X X P t 
r,(HL),(IX + d),(IY + d) 



RLC(IY + d) 



t $ X X P $ 



RLm H£J>- H ^o lF $ $ X X P t 
m = r,(HL,(IX + d) 1 (IY + d) 



11 


001 


011 


CB 


00 


roooi 


r 




11 


001 


011 


CB 


00 


roooi 


110 




11 


011 


101 


DD 


11 


001 


011 


CB 


00 


[pool 


110 




11 


111 


101 


FD 


11 


001 
«-d-* 


011 


CB 


00 


[pool 
foiol 


110 





RRCm L j 7->o t -J-»fc7l | | x X P t 
m = r,(HL),(IX + d),(IY + d) 



RRm L | 7-^o | -4^H $ * X X P * 
m = r,(HL),(IX + d),(IY + d) 



SLAm nETI^- fT^n ^o $ $ x X P $ 
m = r,(HL) ) (IX + d),(IY + d) 



SRAm rH j— ° |— -[El $ | x X P I 
m = r,(HL),(IX + d),(IY + d) 

SRLm H 7 —° I — 4^1 | I X X P $ 

m = r,(HL),(IX + d),(IY + d) 



rooTi 



rrm 



15 



23 



23 



Rotate left 
circular 
register r. 
r Re 



000 
001 
010 
011 
001 
101 
111 



B 
C 
D 
E 
H 
L 
A 



Instruction 
format and 
states are as 
shown for 
RLCs. To form 
new opcode 
replace ! 000 [ 
or RLCs with 
shown code. 
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ROTATE AND SHIFT GROUP (Continued) 



Symbolic 
Mnemonic Operation 



S Z 



Flags Opcode 

H P/VN C 76 543 210 Hex 



No. of No.ofM No.ofT 

Bytes Cycles States Comments 



rld 1 7-4 1 3-o i frrrtn t t x o x p 

(HL) 



11 101 101 

01 101 111 



ED 
6F 



18 



RRD I " I "H 7 -* I 3 ;° I 



(HL) 



t I X X P • 11 101 101 ED 
01 100 111 67 



18 



Rotate digit 
left and 
right between 
the accumu- 
lator and 
location (HL). 
The content 
of the upper 
half of the 
accumulator 
is unaffected. 



N 

00 






BIT SET, RESET AND TEST GROUP 



Symbolic 
Mnemonic Operation S Z 



Flags Opcode 

H P/VN C 76 543 210 Hex 



No. of No.ofM No.ofT 

Bytes Cycles States Comments 



BITb.r Z«-r b X I 

BITb,(HL) Z^(HL) b X * 

BITb,(IX + d) b Z*-(IX + d) b X I 



X 1 X X • 



X 1 X X • 



X 1 X X 



BITb,(IY + d) b Z<-(IY + d) b X * X 1 X X • 



X • X • • • 



X • X • • 



SETb,r r b *-1 • • 

SETb.(HL) (HL) D -1 • • 

SETb,(IX + d) (IX + d) b -1 • • 



SETb,(IY + d) (IY + d) D *-1 • • X • X • • • 



RESb.m m b *-0 • • 

m=r, (HL), 
(IX + d),(IY + d) 



X • X • • 



11 001 


011 


CB 


2 


2 


01 b 


r 








11 001 


011 


CB 


2 


3 


01 b 


110 








11 011 


101 


DD 


4 


5 


11 001 


011 


CB 






-d- 










01 b 


110 








11 111 


101 


FD 


4 


5 


11 001 


011 


CB 






*-d- 










01 b 


110 








11 001 


011 


CB 


2 


2 


Ell b 


r 








11 001 


011 


CB 


2 


4 


ED b 


110 








11 011 


101 


DD 


4 


6 


11 001 


011 


CB 






^d^ 










on b 


110 








11 111 


101 


FD 


4 


6 


11 001 


011 


CB 






«-d-* 










DU b 


110 








\M 











Reg. 



12 



20 



20 



15 



23 



23 



000 


B 


001 


c 


010 


D 


011 


E 


100 


H 


101 


L 


111 


A 


b 


Bit Tested 


000 





001 


1 


010 


2 


011 


3 


100 


4 


101 


5 


110 


6 


111 


7 



To form new 
opcode replace 
fTTlofSETb.s 
with [To] Flags 
and time 
states for SET 
instruction. 



NOTE: The notation m^, indicates location m, bit b (0 to 7). 
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JUMP GROUP 



Symbolic 
Mnemonic Operation 


S 


z 




Flags 

H P/VN 


c 


Opcode 
76 543 210 


Hex 


No. of 
Bytes 


No.ofM No.ofT 
Cycles States 


Comments 


JPnn 


PC*-nn 


• 


• 


X 


• X • 


• 


• 


11 000 011 


C3 


3 


3 


10 


cc Condition 


JPcc, nn 


If condition cc 
istruePC*-nn 


• 


• 


X 


• X • 


• 


• 


*-n-* 

«- n-* 

11 cc 010 

«-n-* 




3 


3 


10 


000 NZ (non-zero) 

001 Z (zero) 

01 NC (non-carry) 

01 1 C (carry) 


JRe 


otherwise 
continue 
PC*-PC + e 


• 


• 


X 


• X • 


• 


• 


«-n-* 
00 01 1 000 


18 


2 


3 


12 


100 PO (parity odd) 

1 01 PE (parity even) 
110 P (sign positive) 


JRC,e 


lfC = 0, 
continue 
lfC = 1, 
PC *- PC + e 


• 


• 


X 


• X • 


• 


• 


00 111 000 
«-e-2-* 


38 


2 
2 


2 
3 


7 
12 


111 M (sign negative) 
If condition not met. 

If condition is met. 


JRNC.e 


IFC=1, 
continue 
lfC = 0, 
PC-PC + e 


• 


• 


X 


• X • 


• 


• 


00 110 000 


30 


2 
2 


2 
3 


7 
12 


If condition not met. 
If condition is met. 


JPZ.e 


lfZ = 
continue 
lfZ-1, 
PC-PC + e 


• 


• 


X 


• X • 


• 


• 


00 101 000 
«- e -2- 


28 


2 
2 


2 
3 


7 
12 


If condition not met. 
If condition is met. 


JRNZ.e 


lfZ-1, 
continue 
If Z = 0, 
PC*-PC + e 


• 


• 


X 


• X • 


• 


• 


00 100 000 
«-e-2-> 


20 


2 
2 


2 
3 


7 

12 


If condition not met. 
If condition is met. 


JP(HL) 


PC«-HL 


• 


• 


X 


• X • 


• 


• 


11 101 001 


E9 


1 


1 


4 




JP (IX) 


PC -IX 


• 


• 


X 


• X • 


• 


• 


11 011 101 
11 101 001 


DD 
E9 


2 


2 


8 




JP(IY) 


PC-IY 


• 


• 


X 


• X • 


• 


• 


11 111 101 
11 101 001 


FD 
E9 


2 


2 


8 




DJNZ, e 


B-B-1 
If B = 0, 

continue 
If B*0, 
PC-PC + e 


• 


• 


X 


• X • 


• 


• 


00 010 000 
-e-2- 


10 


2 
2 


2 

3 


8 
13 


If B = 

If B#0. 



NOTES: e represents the extension in the relative addressing mode. 

e is a signal two's complement number in the range < - 1 26, 1 29 >. 

e - 2 in the opcode provides an effective address of pc + e as PC is incremented by 2 prior to the addition of e. 
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CALL AND RETURN GROUP 





Symbolic 








Flags 




Opcode 




No. of 


No.ofM No.ofT 




Mnemonic Operation 


S 


z 




H P/VN 


c 


76 543 210 


Hex 


Bytes 


Cycles 


States 


Comments 


CALL nn 


(SP-1)-PC H 
(SP-2)*-PC L 
PC — nn, 


• 


• 


X 


• X • • 


• 


11 001 101 
*-n-* 


CD 


3 


5 


17 




CALL cc.nn If condition 


• 


• 


X 


• X • • 


• 


11 cc 100 




3 


3 


10 


If cc is false. 




cc is false 












*- n-* 














continue, 












*- n-* 




3 


5 


17 


If cc is true. 




otherwise 


























same as 


























CALL nn 
























RET 


PC L -(SP) 
PC H «-(SP + 1) 


• 


• 


X 


• X • • 


• 


1 1 001 001 


C9 


1 


3 


10 




RETcc 


If condition 
cc is false 
continue, 
otherwise 
same as RET 


• 


• 


X 


• X • • 


• 


1 1 cc 000 




1 
1 


1 
3 


5 
11 


If cc is false. 
If cc is true, 
cc Condition 



RETI 



RETN1 



RSTp 



Return from 

interrupt 

Return from 

non-maskable 

interrupt 

(SP-1)-PC H 

(SP-2)«-PC L 

PCh-0 

PC L -p 



• X • X 



• X • X • 



11 


101 


101 


ED 


2 


4 


01 


001 


101 


4D 






11 


101 


101 


ED 


2 


4 


01 


000 


101 


45 







X • • • 11 



t 111 



14 



14 



11 



000 
001 
010 
011 
100 
101 
110 

111 

t 



NZ (non-zero) 

Z (zero) 

NC (non-carry) 

C (carry) 

PO (parity odd) 

PE (parity even) 

P (sign positive) 

M (sign negative) 

P 



N 

i 

3 



000 
001 
010 
011 
100 
101 
110 

111 



00H 
08H 
10H 
18H 
20H 
28H 
30H 
38H 



NOTE: 1RETN loads IFF 2 ^IFF 1 
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INPUT AND OUTPUT GROUP 





Symbolic 


Flags 






Opcode 




No. of 


No.ofM No.ofT 




Mnemonic Operation 


S Z H 




P/VN 


c 


76 


543 


210 


Hex 


Bytes 


Cycles 


States 


Comments 


INA,(n) 


A-(n) 


• • X • 


X 


• • 


• 


11 


011 
*-n-* 


01 


DB 


2 


3 


11 


n to A ~ A7 
Ace. toAs~ A-15 


IN r, (C) 


r-(C) 

if r= 110 only 
the flags will 
be affected 


* I X * 

© 


X 


P 


• 


11 

01 


101 
r 


101 
000 


ED 


2 


3 


12 


C to Aq ~ A7 
BtoA 8 ~A 15 


INI 


(HL)-(C) 

B«-B-1 

HL^HL+1 


X t X X 

© 


X 


X 1 


X 


11 

10 


101 
100 


101 
010 


ED 
A2 


2 


4 


16 


C to Aq ~ A7 
BtoA 8 ~A 15 


INIR 


(HL)-(C) 


X 1 X X 


X 


X 1 


X 


11 


101 


101 


ED 


2 


5 


21 


C to Aq ~ A7 




B«-B-1 










10 


110 


010 


B2 




(If B#0) 




BtoA 8 ~A 15 




HL-HL+1 


















2 


4 


16 






Repeat until 




















(If B = 0) 








B = 


© 
























IND 


(HL)-(C) 

B*-B-1 

HL«-HL-1 


X t X X 

© 


X 


X 1 


X 


11 

10 


101 
101 


101 
010 


ED 
AA 


2 


4 


16 


C to An ~ A7 
BtoA 8 ~A 15 


INDR 


(HL)-(C) 


X 1 X X 


X 


X 1 


X 


11 


101 


101 


ED 


2 


5 


21 


C to Aq ~ A7 




B«-B-1 










10 


111 


010 


BA 




(If B#0) 




BtoA 8 ~A 15 




HL*-HL-1 


















2 


4 


16 






Repeat until 




















(If B = 0) 








B = 


























OUT(n),A 


(n)-A 


• • X • 


X 


• • 


• 


11 


010 

*-n-* 


011 


D3 


2 


3 


11 


n to Aq ~ A7 
Ace. to As ~ A-| 5 


OUT(C),r 


(C)-r 


• • X • 

© 


X 


• • 


• 


11 

01 


101 
r 


101 
001 


ED 


2 


3 


12 


C to Aq ~ A7 
BtoA 8 ~Ai 5 


OUTI 


(C)-(HL) 
B«-B-1 
HL*-HL + 1 


X $ X X 

© 


X 


X 1 


X 


11 

10 


101 
100 


101 
011 


ED 
A3 


2 


4 


16 


C tO Aq ~ A7 

BtoA 8 ~A 15 


OTIR 


(C)-(HL) 


X 1 X X 


X 


X 1 


X 


11 


101 


101 


ED 


2 


5 


21 


C to Aq ~ A7 




B^-B-1 










10 


110 


011 


B3 




(If B#0) 




BtoA 8 ~A 15 




HL^HL+1 


















2 


4 


16 






Repeat until 




















(If B = 0) 








B = 


© 
























OUTD 


(C)-(HL) 
B^-B-1 
HL^HL-1 


X t X X 

© 


X 


X 1 


X 


11 

10 


101 
101 


101 
011 


ED 
AB 


2 


4 


16 


C tO Aq ~ A7 
BtoA 8 ~A 15 


OTDR 


(C)-(HL) 
B*-B-1 
HL^-HL-1 
Repeat until 
B = 


X 1 X X 


X 


X 1 


X 


11 

10 


101 
111 


101 
011 


ED 


2 
2 


5 
(If B#0) 

4 
(If B = 0) 


21 
16 


C tO Aq ~ A7 
BtoA 8 ~A 15 



NOTES: © If the result of B - 1 is zero, the Z flag is set; otherwise it is reset. 
© Z flag is set upon instruction completion only. 
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SUMMARY OF FLAG OPERATION 




D 7 














Do 




Instructions 


S 


z 




H 




P/V 


N 


c 


Comments 


ADD A, s; ADC A, s 


t 


* 


X 


$ 


X 


V 





* 


8-bit add or add with carry. 


SUB s; SBC A, s; CP s; NEG 


♦ 


* 


X 


I 


X 


V 


1 


* 


8-bit subtract, subtract with carry, compare and negate 
accumulator. 


ANDs 


* 


♦ 


X 


1 


X 


P 








Logical operation. 


OR s, XOR s 


t 


* 


X 





X 


p 








Logical operation. 


INCs 


t 


* 


X 


$ 


X 


V 







8-bit increment. 


DECs 


I 


$ 


X 


* 


X 


V 


1 




8-bit decrement. 


ADD DD, ss 


• 


• 


X 


X 


X 


• 







16-bitadd. 


ADC HL, ss 


t 


$ 


X 


X 


X 


V 







1 6-bit add with carry. 


SBC HL, ss 


t 


* 


X 


X 


X 


V 


1 




1 6-bit subtract with carry. 


RLA; RLCA; RRA; RRCA 


• 


• 


X 





X 


• 







Rotate accumulator. 


RL m; RLC m; RR m; 


♦ 


$ 


X 





X 


p 







Rotate and shift locations. 


RRCm;SLAm; 




















SRAm;SRLm 




















RLD; RRD 


* 


$ 


X 





X 


p 







Rotate digit left and right 


DAA 


* 


$ 


X 


* 


X 


p 


• 




Decimal adjust accumulator. 


CPL 


• 


• 


X 


1 


X 


• 


1 




Complement accumulator. 


SCF 


• 


• 


X 





X 


• 







Set carry. 


CCF 


• 


• 


X 


X 


X 


• 







Complement carry. 


INr(C) 


t 


* 


X 





X 


p 







Input register indirect. 


INI; IND; OUTI; OUTD 


X 


t 


X 


X 


X 


X 


1 




Block input and output. Z = 1 if B =£ 0, otherwise Z = 0. 


INIR; INDR; OTIR; OTDR 


X 


1 


X 


X 


X 


X 


1 




Block input and output. Z = 1 if B # 0, otherwise Z = 0. 


LDI; LDD 


X 


X 


X 





X 


1 







Block transfer instructions. P/V = 1 if BC # 0, otherwise P/V = 0. 


LDIR; LDDR 


X 


X 


X 





X 










Block transfer instructions. P/V = 1 if BC # 0, otherwise P/V = 0. 


CPI; CPIR; CPD; CPDR 


X 


$ 


X 


X 


X 


t 


1 




Block search instructions. Z = 1 if A = (HL), otherwise Z = 0. 
P/V = 1 if BC # 0, otherwise P/V = 0. 


LDA;I,LDA, R 


♦ 


t 


X 





X 


IFF 







IFF, the content of the interrupt enable flip-flop, (IFF2), is copied 
into the P/V flag 


BIT b, s 


X 


t 


X 


1 


X 


X 







The state of bit b of location s is copied into the Z flag 



o 

•a 
es 



SYMBOLIC NOTATION 

Symbol Operation 

S Sign flag. S = 1 if the MSB of the result is 1 . 

Z Zero flag. Z = 1 if the result of the operation is 0. 

P/V Parity or overflow flag. Parity (P) and overflow (V) 
share the same flag. Logical operations affect 
this flag with the parity of the result while 
arithmetic operations affect this flag with the 
overflow of the result. If P/V holds parity: P/V = 1 
if the result of the operation is even; P/V = if 
result is odd. if P/V holds overflow, P/V = 1 if the 
result of the operation produced an overflow. If 
P/V does not hold overflow, P/V = 0. 

H* Half-carry flag. H = 1 if the add or subtract 
operation produced a carry into, or borrow from, 
bit 4 of the accumulator. 

N* Add/Subtract flag. N = 1 if the previous 
operation was a subtract. 

C Carry/Link flag. C = 1 if the operation produced 
a carry from the MSB of the operand or result. 



Symbol Operation 



t 



ss 



R 
n 
nn 



The flag is affected according to the result of the 

operation. 

The flag is unchanged by the operation. 

The flag is reset by the operation. 

The flag is set by the operation. 

The flag is indeterminate. 

P/V flag affected according to the overflow result 

of the operation. 

P/V flag affected according to the parity result of 

the operation. 

Any one the CPU registers A, B, C, D, E, H, L 

Any 8-bit location for all the addressing modes 

allowed for the particular instruction. 

Any 1 6-bit location for all the addressing modes 

allowed for that instruction. 

Any one of the two index registers IX or IY. 

Refresh counter. 

8-bit value in range < 0, 255 >. 

1 6-bit value in range < 0, 65535 >. 



* H and N flags are used in conjunction with the decimal adjust instruction (DAA) to properly correct the result into packed BCD format following addition or 
subtraction using operands with packed BCD format. 
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PIN DESCRIPTIONS 



A0-A15. Address Bus (output, active High, 3-state). A0-A15 
form a 1 6-bit address bus. The Address Bus provides the 
address for memory data bus exchanges (up to 64K bytes) 
and for I/O device exchanges. 



BUSACK. Bus Acknowledge (output, active Low). Bus 
Acknowledge indicates to the requesting device that the 
CPU address bus, data bus, and control signals MREQ, 
IORQ, RD, and WR have entered their high-impedance 
states. The external circuitry can now control these lines. 



BUSREQ. Bus Request (inpu t, active Low). Bus Request 
has a higher priority than NMI and is always rec ognized at 
the end of the current machine cycle. BUSREQ for ces the 
CPU address bus, data bus, and control signals MREQ, 
IORQ, RD, and WR to go to a high-im pedance s tate so that 
other devices can control these lines. BUSREQ is normally 
wired-OR and requir es an ex ternal pullup for these 
applications. Extended BUSREQ periods due to extensive 
DMA operations can prevent the CPU from properly 
refreshing dynamic RAMs. 

D -D 7 . Data Bus (input/output, active High, 3-state). D0-D7 
constitute an 8-bit bidirectional data bus, used for data 
exchanges with memory and I/O. 



HALT. Halt State (output, active Low). HALT indicates that 
the CPU has executed a Halt instruction and is awaiting 
either a nonmaskable or a maskable interrupt (with the mask 
enabled) before operation can resume. While halted, the 
CPU executes NOPs to maintain memory refresh. 

INT. Interrupt Request (input, active Low). Interrupt Request 
is generated by I/O devices. The CPU honors a request at 
the end- of the current instruction if the internal 
software-controlled interrupt enable flip-flop (IFF) is 
enabled. INT is normally wired-OR and requires an external 
pullup for these applications. 



iORQ . Input/Output Request (output, active Low, 3-state). 
IORQ indicates that the lower half of the address bu s holds a 
valid I/O address for an I/O read or writ e operation. IORQ is 
also generated concurrently with M1 during an interrupt 
acknowledge cycle to indicate that an interrupt response 
vector can be placed on the data bus. 



M1. Machin e Cycle One (output, active Low). W\, together 
with MREQ, indicates that the current machine cycle is the 
opc ode fet ch cycle of an instruction execution. M1 , together 
with IORQ, indicates an interrupt acknowledge cycle. 



MREQ . Memory Request (output, active Low, 3-state). 
MREQ indicates that the address bus holds a valid address 
for a memory read or memory write operation. 

NMI. No n-Mas kable Interrupt (input, negativ e edge- 
triggered). NMI has a higher priority than INT. NMI is always 
recognized at the end of the current instruction, 
independent of the status of the interrupt enable flip-flop, 
and automatically forces the CPU to restart at location 
0066H. 

WD. Read (output, active Low, 3-state). RD indicates that the 
CPU wants to read data from memory or an I/O device. The 
addressed I/O device or memory should use this signal to 
gate data onto the CPU data bus. 



RESET. Reset (input, active Low). RESET initializes the CPU 
as follows: it resets the interrupt enable flip-flop, clears the 
PC and Registers I and R, and sets the interrupt status to 
Mode 0. During reset time, the address and data bus goto a 
high-impedance state, and a ll contro l output signals go to 
the inactive state. Note that RESET must be active for a 
minimum of three full clock cycles before the reset operation 
is complete. 



RFSH. Refresh (output, active Low). RFSH, together with 
MREQ, indicates that the lower seven bits of the system's 
address bus can be used as a refresh address to the 
system's dynamic memories. 



WAIT. Wait (input, active Low). WAIT indicates to the CPU 
that the addressed memory or I/O devices are not ready for 
a data transfer. The CPU continues to e nter a Wait state as 
long as this signal is active. Extended WAIT periods can 
prevent the CPU from refreshing dynamic memory properly. 

WR. Write (output, active Low, 3-state). WR indicates that the 
CPU data bus holds valid data to be stored at the addressed 
memory or I/O location. 
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CPU TIMING 



The Z80C CPU executes instructions by proceeding 
through a specific sequence of operations: 

■ Memory read or write 

■ I/O device read or write 

■ Interrupt acknowledge 

The basic clock period is referred to as a T time or cycle, and 
three or more T cycles make up a machine cycle (M1 , M2 or 
M3 for instance). Machine cycles can be extended either by 
the CPU automatically inserting one or more Wait states or 
by the insertion of one or more Wait states by the user. 



Instruction Opcode Fetch. The CPU places the contents 
of the Program Counter (PC) on the address bus at the start 
of th e cycle (Figure 5). Approximately one-half clock cycle 
later, MREQ goes active. When active, RD indicates that the 
memory data can be enabled onto the CPU data bus. 



The CPU samples the WAIT input with the falling edge of 
clock state T2. During clock states T3 and T4 of an M1 cycle, 
dynamic RAM refresh can occur while the CPU starts 
decoding and executing the instruction. When the Refresh 
Control signal becomes active, refreshing of dynamic 
memory can take place. 



Tl T 2 

y — \ 4 — v 



-0 



A0-A15 






}; 




h® 



\ 



®— 
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©H. 
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®— 
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-/>- 
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*Tw = Wait cycle added when necessary for slow ancilliary devices. 

Figure 5. Instruction Opcode Fetch 
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Memory Read or Write Cycles. Figure 6 shows the timing 
of memory rea d or writ e cycles other than an opcode fetch 
(M1) cycle. The MREQ and RD signals function exactly as in 
the fetch cycle. In a memory write cycle, MREQ also 



becomes active when the address bus is stable. The WR line 
is active when the data bus is stable, so that it can be used 
directly as an R/W pulse to most semiconductor memories. 
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Figure 6. Memory Read or Write Cycles 
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Input or Output Cycles. Figure 7 shows the timing for an extra Wait state allows sufficient time for an I/O port to 
I/O read or I/O write operation. During I/O operations, the decode the address from the port address lines. 
CPU automatically inserts a single Wait state (Twa)- This 
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Twa = One wait cycle automatically inserted by CPU 



Figure 7. Input or Output Cycles 
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Interrupt Request/Acknowledge Cycle. The CPU 

samples the interrupt signal with the rising edge of the last 
clock cycle at the end of any instruction (Figure 8). When an 
interrupt is accepted, a special M1 cycle is generated. 



During this M1 cycle, IORQ becomes active (instead of 
MREQ) to indicate that the interrupting device can place an 
8-bit vector on the data bus. The CPU automatically adds 
two Wait states to this cycle. 



A0-A15 




D0-D7 



NOTES: 1) Tli = Last state of any instruction cycle. 

2) Twa = Wait cycle automatically inserted by CPU. 



Figure 8. Interrupt Request/Acknowledge Cycle 
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Non-Maskable Interrupt Request Cycle. N Ml is sampled 
at the same time as the maskable interrupt input INT but has 
higher priority and cannot be disabled under software 
control. The subsequent timing is similar to that of a normal 



memory read operation except that data put on the bus by 
the memory is ignored. The CPU inst ead e xecutes a restart 
(RST) operation and jumps to the NMI service routine 
located at address 0066H (Figure 9). 
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* Although NMI is an asynchronous input, to guarantee its being recognized on the following machine cycle, NMI's falling edge must occur no later than the rising edge 
of the clock cycle preceding the last state of any instruction cycle (Ty). 

Figure 9. Non-Maskable Interrupt Request Operation 
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Bus Req uest/Acknowledge Cycle. The CPU samples 
BUSREQ with the rising edge of the last clock period of any 
machine cycle (Figure 10 ). If BUSREQ i s ac tive, the CPU 
sets its address, data, and MREQ, IORQ, RD, and WR lines 



to a high-impedance state with the rising edge of the next 
clock pulse. At that time, any external device can take 
control of these lines, usually to transfer data between 
memory and I/O devices. 
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NOTES- 1) T LM = Last state of any M cycle. 

2) Tx = An arbitrary clock cycle used by requesting device. 



Figure 10. Z-BUS Request/Acknowledge Cycle 
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Halt Acknowledge Cycle. When the CPU receives a HALT active and remains so until an interrupt is received (Figure 
instruction, it executes NOP states until eithe r an IN T or NMI 11). INT will also force a Halt exit, 
input is received. When in the Halt state, the HALT output is 




'Although NMI is an asynchronous input, to guarantee its being recognized on the following machine cycle, MNI's falling edge must occur no 
later than the rising edge of the clock cycle preceding the last state of any instruction cycle (Tli). 



M 

00 



Figure 1 1 . Halt Acknowledge 






Reset Cycle. RESET must be active for at least thre e clock internal T cycles are consum ed befo re the CPU resumes 

cycles for the CPU to properly accept it. As long as RESET normal processing operation. RESET clears the PC register, 

remains active, the address and data bu ses float, and the so the first opcode fetch will be to location 0000H 

control outputs are inactive. Once RESET goes inactive, two (Figure 1 2). 
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Figure 12. Reset Cycle 



2001-012,013 



311 



Power-Down Release Cycle. The system clock must be 
supplied to the Z80C CPU to release the power-down state. 
When the system clock is supplied to the CLK input, the 
Z80C CPU restarts operations from the point at which the 
power-down state was implemented. 
The timing diagrams for the release from power-down mode 
are shown in Figure 13. 



NOTES: 

1 ) When the external oscillator has been stopped to enter the power-down 
state, some warm-up time may be required to obtain a stable clock for 
the release. 

2) When the HALT instruction is executed to enter the power-down state, 
the Z80C CPU will also enter the Halt state. An interrupt signal (either 
NMI or INT) or a RESET signal must be applied to the Z80C CPU after 
the system clock is supplied in order to release the power-down state. 
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Figure 13c. 
Figure 13. Power-Down Release 
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Power-Down Acknowledge Cycle. When the clock input 
to the Z80C CPU is stopped at either a High or Low level, the 
Z80C CPU stops its operation and maintains all registers 
and control signals. However, l CC 2 (standby supply current) 
is guaranteed only when the system clock is stopped at a 



Low level during T4 of the machine cycle following the 
execution of the HALT instruction. The timing diagram for 
the power-down function, when implemented with the HALT 
instruction, is shown in Figure 14. 
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HALT 



\ 



Figure 14. Power-Down Acknowledge 



-*>• 



ACCHARACTERISTICSt 

Number Symbol Parameter 



Z84C00 
Min Max 



Z84C00-4 
Min Max 



1 


TcC 


Clock Cycle Time 


400* 


DC 


250* 


DC 


2 


TwCh 


Clock Pulse Width (High) 


180 


DC 


110 


DC 


3 


TwCI 


Clock Pulse Width (Low) 


180 


DC 


110 


DC 


4 


TfC 


Clock Fall Time 




30 




30 


5- 


TrP 


^, ir f-,;^^ t; 




30 




30 


iro 




6 


TdCr(A) 


Clock t to Address Valid Delay 




145 




110 


7 


TdA(MREQf) 


Address Valid to MREQ 1 Delay 


125* 




65* 




8 


TdCf(MREQf) 


ClocM to MREQI Delay 




100 




85 


9 

io- 


TdCr(MREQr) 
— TwMREQh 


Clock t to MREQ t Delay 
— MREQ Pulse Width (High) 




100 




85 


I IK) 




I1U 




ii 


TwMREQI 


MREQ Pulse Width (Low) 


360* 




220* 




12 


TdCf(MREQr) 


Clock 1 to MREQ t Delay 




100 




85 


13 


TdCf(RDf) 


Clock 1 to RD I Delay 




130 




95 


14 
15- 


TdCr(RDr) 


Clock t to RD t Delay 




100 




85 


I SU^Ur; ' ' 


Data Setup Time to Clock t — 


ou 




Jv^ 




16 


ThD(RDr) 


Data Hold Time to RD! 












17 


TsWAIT(Cf) 


WAIT Setup Time to Clock I 


70 




70 




18 


ThWAIT(Cf) 


WAIT Hold Time after Clock 1 


10 




10 




19 


TdCr(M1f) 


Clock! to Ml 1 Delay 




130 




100 


20- 


TdCr(M1r) 


— Clock t to Ml t Delay 




130 




100 


21 


TdCr(RFSHf) 


Clock! to RFSHI Delay 




180 




130 


22 


TdCr(RFSHr) 


Clock! to RFSH! Delay 




150 




120 


23 


TdCf(RDr) 


Clock 1 to RD ! Delay 




110 




85 


24 


TdCr(RDf) 


Clock ! to RD * Delay 




100 




85 


25 


TsD(Cf) 


Data Setup to Clock i during M2, M3, 
M4, or M5 Cycles 


CO 




GO 




26 


TdA(IORQf) 


Address Stable prior to IORQ 1 


320* 




180* 




27 


TdCr(IORQf) 


Clock ! to IORQ \ Delay 




90 




75 


28 


TdCf(IORQr) 


Clock ItolORQ! Delay 




110 




85 


29 


TdD(WRf) 


Data Stable prior to WRI 


190* 




80* 





* For clock periods other than the minimums shown, calculate parameters using the table on the following page. Calculated values above 
assumed TrC = TfC = 20 ns. 
tUnits in nanoseconds (ns). 



2360-002 
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AC CHARACTERISTICS* (Continued) 


Z84C00 






Z84C00-4 


Number Symbol 


Parameter 


Min 


Max 




Min 


Max 


30 


TdCf(WRf) 


Clock* to WR* Delay 




90 






80 


31 


TwWR 


WR Pulse Width 


360* 






220* 




32 


TdCf(WRr) 


Clock * toWRt Delay 




100 






80 


33 


TdD(WRf) 


Data Stable prior to WR I 


20* 






-10* 


65 


34 


TdCr(WRl) 


Clock T lo WR * Delay 




oU ~ 






35 


TdWRr(D) 


Data Stable from WRt 


120* 






60* 




36 


TdCf(HALT) 


Clock 1 to HALT tori 




300 






300 


37 


TwNMI 

TsBUSREQ(Cr) 

ThBUSREQ(Cr) 

— TdCr(BUSACKf) 


NMI Pulse Width 


80 
80 
20 


-120- 




80 
50 
10 




38 


BUSREQ Setup Time to Clock t 




39 


BUSREQ Hold Time after Clock t 




40- 


Clock t to BUSACK \ Delay 


100 


41 


TdCf(BUSACKr) 


Clock* to BUSACKt Delay 




110 






100 


42 


TdCr(Dz) 


Clock t to Data Float Delay 




90 






90 


43 


TdCr(CTz) 


Clock t to Control Outputs Float Delay 
(MREQ, IORQ, RD, and WR) 




110 






80 


44 


TdCr(Az) 


Clock t to Address Float Delay 




110 




—80* — 

60 
10 


90 


45- 


TdCTr(A) 

TsRESET(Cr) 
ThRESET(Cr) 


MREQ t, IORQ t, RD t, and WR t to 
Address Hold Time 


160* 

90 
10 




46 


RESET to Clock t Setup Time 




47 


RESET to Clock t Hold Time 




48 


TslNTf(Cr) 


INT * to Clock t Setup Time 


80 






80 




49 


ThlNTr(Cr) 
— TdMlf(IORQf) — 


INT t to Clock t Hold Time 


10 






10 
-565* — 




50 


M1 * to IUHU * ueiay 


y^U 








51 


TdCf(IORQf) 


Clock * to IORQ * Delay 




110 






85 


52 


TdCf(IORQr) 


Clock t to lORQt Delay 




100 






85 


53 


TdCf(D) 


Clock \ to Data Valid Delay 




230 






150 


* For clock periods other than the 
assumed TrC = TfC = 20 ns. 
tUnits in nanoseconds (ns). 


minimums shown, calculate parameters using the following table. Calculated values above 


i 




FOOTNOTES TO AC CHARACTERISTICS 












Number Symbol General Parameter 






Z84C00 




Z84C00-4 




1 TcC 


TwCh + TwCI + TrC + 


TfC 












7 TdA(MREQf) TwCh + TfC 






- 75 




-65 




10 TwMREQh TwCh + TfC 






-30 




-20 




11 TwMREQI TcC 






-40 




-30 




26 TdA(IORQf) TcC 






-80 




- 70 




29 IdU(Wnf) I CO 






-— 210 




— i / u 




31 TwWR 


TcC 






-40 




-30 




33 TdD(WRf) TwCI + TrC 






- 180 




- 140 




35 TdWRr(D) TwCI + TrC 






- 80 




- 70 




45 TdCTr(A) TwCI + TrC 






- 40 




-50 




50 TdMlf(IORQf) 2TcC + TwCh + TfC 






- 80 




-65 


AC Test Conditions: 
V| H = 2.0 V V 0H = 1 .5 V Vihc = V cc - 0.6 V 
V| L = 0.8 V V 0L = 1 -5 V V ILC = °- 4 5 v 


FLOAT = ±0.5V 
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ABSOLUTE MAXIMUM RATINGS 



3 on Vcc w ' tn respect to V$s - 0.3V to + 7V 

Voltages on all inputs with respect 

toVss -0.3V to Vcc + 0.3V 

Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°Cto +150°C 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above those indicated in the 
operational sections of these specifications is nqt implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



STANDARD TEST CONDITIONS 



The DC Characteristics and capacitance sections below 
apply for the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND (0V). 
Positive current flows into the referenced pin. 

Available operating temperature ranges are: 

■ S = 0°Cto +70°C 

■ E= -40°Cto+85°C 

Voltage Supply Range: + 4.50V <V C c< + 5.50V 

All ac parameters assume a load capacitance of 1 00 pf. Add 
1 ns delay for each 50 pf increase in load up to a maximum 
of 200 pf for the data bus and 1 00 pf for address and control 
lines. AC timing measurements are referenced to 1 .5 volts 
(except for clock, which is referenced to the 10% and 90% 
points). 



The Ordering Information section lists temperature ranges 
and product numbers. Package drawings are in the 
Package Information section in this book. Refer to the 
Literature List for additional documentation. 



FROM OUTPUT , 
UNDER TEST v 



100 pf 




DC CHARACTERISTICS 



Symbol 


Parameter 


VlLC 


Clock Input Low Voltage 


V|HC 


Clock Input High Voltage 


V|L 


Input Low Voltage 


V|H 


Input High Voltage 


Vol 


Output Low Voltage 


VOH! 


Output High Voltage 


V0H 2 


Output High Voltage 


'cc-i 


Power Supply Current 



Min 



Max 



Unit 



Condition 



'CCq 



Ili 
Ilo 



Standby Supply Current 



Input Leakage Current 

3-State Output Leakage Current in Float 



-0.3 


0.45 


V 




V C C -.6 


Vcc + .3 


V 




-0.3 


0.8 


V 




2.2 


Vcc 


V 






0.4 


V 


Iol = 2.0 mA 


2.4 




V 


Ioh = -1.6 mA 


V C C -0.8 




V 


lOH = -250f*A 




25 


mA 


V C C = 5V 
CLK = 4 MHz 
V|H - V CC " 0.2V 
V| L - 0.2V 




10 


MA 


V C C = 5V 
CLK = (0) 
V| H = V C C " 0.2V 
Vil - 0.2V 




10 


ma 


V|N = 0.4 to V C c 


-10 


102 


ma 


VoilT = 0.4 to Vcc 



1 . Measurements made w i th out puts floating. 

2. A 15 -A , D 7 -D , MREQ, IORQ, RD, and WR. 

3. Icc 2 standby supply current is guaranteed only when the supplied clock is stopped at a low level during T 4 of the machine cycle immediately following 
the execution of a HALT instruction. 
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CAPACITANCE 



Symbol 



Parameter 



Min 



Max 



Unit 



CCLOCK 
GOUT 



Clock Capacitance 
Input Capacitance 
Output Capacitance 



35 


Pf 


5 


Pf 


15 


Pf 



T A = 25°C,f = 1MHz. 
Unmeasured pins returned to ground. 



ORDERING INFORMATION 

Z80CCPU,2.5MHz 
40-pin DIP 

Z84C00 PS 
Z84C00 CS 
Z84C00 PE 
Z84C00 CE 

Codes 

First letter is for package; second letter is for temperature. 



= Ceramic DIP 

- Plastic DIP 

= Ceramic LCC 

- Plastic PCC 



TEMPERATURE 
S =0°Cto+70°C 
E « -40°Cto+85°C 
M*= -55°Cto+125°C 

Example: PS is a plastic DIP, 0°C to + 70°C. 



fAvailable soon. 

* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 



Z80CCPU,4.0MHz 
40-pin DIP 

Z84C00-4 PS 
Z84C00-4 CS 
Z84C00-4 PE 
Z84C00-4 CE 



R = Protopack 
T = Low Profile Protopack 
DIP = Dual-In- Line Package 
LCC = Leadless Chip Carrier 
PCC = Plastic Chip Carrier (Leaded) 

FLOW 

B = 883 Class B 
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00-2360-01 



Z84C20CMOS 

Z80CPI0 

Parallel Input/Output 



Zilog 




Advance Information 
AC and DC Characteristics 



April 1985 



ABSOLUTE MAXIMUM RATINGS 

Voltages on Vqc with respect to Vss - 0.3V to + 7.0V 

Voltages on all inputs with respect 

to V ss -0.3V to V cc + 0.3V 

Storage Temperature -65°Cto +150°C 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above these indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



STANDARD TEST CONDITIONS 

The characteristics below apply for the following test 
conditions, unless otherwise noted. All voltages are 
referenced to GND (0V). Positive current flows into the 
referenced pin. Available operating temperature range is: 

■ S = 0°Cto + 70°C, + 4.50V <V C c< + 5.50V 

■ E = -40°Cto+85°C, + 4.50V <V CC < 5.50V 

The Ordering Information section lists package temperature 
ranges and product numbers. Refer to the Literature List for 
additional documentation. Package drawings are in the 
Package Information section. 



FROM OUTPUT t 
UNDER TEST ' 



100 pf ^ ©*A 




DC CHARACTERISTICS 



Symbol Parameter 



Min 



Max 



TVp 



Unit 


Test Condition 


V 




V 




v 




V 




V 


lOL = 2.0 mA 


V 


lOH = -1.6mA 


V 


lOH = -250jiA 


^A 


V| N = 0.4toV C c 


^ 


V0UT = 0.4toVcc 



V|LC 


Clock Input Low Voltage 




-0.3 


+ 0.45 


V IHC 


Clock Input High Voltage 


v C c 


-0.6 


Vcc + 0.3 


V|L 


Input Low Voltage 




-0.3 


+ 0.8 


V|H 


Input High Voltage 




+ 2.2 


Vcc 


Vol 


Output Low Voltage 






+ 0.4 


VOH! 


Output High Voltage 




+ 2.4 




V0H 2 


Output High Voltage 


v C c 


-0.8 




ILI 


Input Leakage Current 






±10 


Ilo 


3-State Output Leakage Current in Float 






±10 



Over specified temperature and voltage range. 
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DC CHARACTERISTICS (Continued) 



Symbol Parameter 



Min 



Max Typ Unit Test Condition 



ICC-j Power Supply Current 



ICC2 Standby Supply Current 



'OHD 



Darlington Drive Current, Port B only 



-1.5 



10 



-5.0 



mA 



0.5 juA 



mA 



V C C = 5V 
CLK = 4MHz 
V|H = V CC - 0.2V 
V| L = 0.2V 

V C C = 5V 
CLK = (0) 
V|H = V C C " 0.2V 
V| L = 0.2V 
V H = 1-5V 
R E XT= 1.1KQ 



Over specified temperature and voltage range. 



AC CHARACTERISTICS 



CE 
B/A, C/D 

RD,TORQ 

OUT . 




-TU 



h — ®-^-+> 



READY 
(ARDY OR BRDY) 



S TROBE 

(ASTB OR BSTB) 



A0-A7 
B0-B7 



\ 



X 



-©-* 



-CD- 



® 



% 



-®- 



<D- 



\ 



® 



\ 



J 



♦0* 



*®-* 



K 



J 



> 



-®- 



J 



♦(H)* 



-d>-** 



*<5>*l 



=^£ 



X 



-@>- 



-®- 



X 



\ 



-<a>- 
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AC CHARACTERISTICS (Continued) 



Number Symbol 



Parameter 



Z84C20 Z84C20-4 

Min(ns) Max(ns) Min(ns) Max(ns) 



Comment 



1 


TcC 


Clock Cycle Time 


400 


[1] 


250 


[1] 






2 


TwCh 


Clock Pulse Width (High) 


170 


DC 


105 


DC 






3 


TwCI 


Clock Pulse Width (Low) 


170 


DC 


105 


DC 






4 


TfC 


Clock Fall Time 




30 




30 






5 


TrC 


Clock Rise Time 




30 




30 






6 


TsCS(RI) 


CE,B/A,C/DtoRD,iORCU 
Setup Time 


50 




50 




[6] 




7 


Th 


Any Hold Times for Specified 
Setup Time 







40 








8 


TsRI(C) 


RD, IORQ to Clock t Setup Time 


115 




115 






5 


9 


TdRI(DO) 


RD, IORQ I to Data Out Delay 




430 




380 


[2] 


i 


10 


TdRI(DOs) 


RD, IORQ t to Data Out Float Delay 




160 




110 




11 


TsDI(C) 


Data In to Clock t Setup Time 


50 




50 




CL = 50 pf 




12 


TdlO(DOI) 


IORQI to Data Out Delay 
(INTACK Cycle) 




340 




160 


[3) 




13 


TsM1(Cr) 


Ml 4 to Clock t Setup Time 


210 




90 








14 


TsM1(Cf) 


M1 1 to Clock \ Setup Time (M1 Cycle) 












[8] 




15 


TdM1(IEO) 


M1 i to IEO 1 Delay (Interrupt 
Immediately Preceding Ml \) 




300 




190 


[5,7] 




16 


TslEI(IO) 


IEI to IORQ I Setup Time 
(INTACK Cycle) 


140 




140 




[71 




17 


TdlEI(IEOf) 


IEI ItolEOI Delay 




190 




130 


[5] 
CL = 50 pf 




18 


TdlEI(IEOr) 


IEI t to IEO t Delay (after ED Decode) 




210 




160 


[5] 




19 


TclO(C) 


IORQ t to Clock I Setup Time 
(To Activate READY 
on Next Clock Cycle) 


220 




200 








20 


TdC(RDYr) 


Clock 4 to READY! Delay 




200 




190 


[5] 
CL = 50 pf 




21 


TdC(RDYf) 


Clock * to READY I Delay 




150 




140 


[5] 




22 


TwSTB 
TsSTB(C) 


STROBE Pulse Width 


150 




150 




[4] 




23 


STROBE t to Clock I Setup Time 








(To Activate READY 


















on Next Clock Cycle) 


220 




220 




[5] 




24 


TdlO(PD) 


IORQ t to PORT DATA Stable Delay 
















TsPD(STB) 


(ModeO) 




200 




180 


[5] 




25 


PORT DATA to STROBE t Setup Time 








(Model) 


260 




230 









NOTES: 
[1] TcC = TwCh + TwCI + TrC + TfC. 
[2] Increase TdRI(DO) by 1 ns for each 50 pf increase in load up to 200 

pf max. 
[3] Increase TdlO(DOI) by 1 ns for each 50 pf, increase in loading up to 

200 pf max 
[4] For Mode 2: TwSTB > TsPD(STB). 
[5] Increase these values by 2 ns for each 1 pf increase in loading up to 

1 00 pf max. 



(6] TsCS(RI) may be reduced. However, the time subtracted from TsCS(RI) 

will be added to TdRI(DO). 
[7] 2.5TcO(N-2)TdlEI(IE0f) + TdM1(IEO) + TslEI(IO) + TTL Buffer 

Delay, if any. 
[8] M1 must be active for a minimum of two clock cycles to reset the PIO. 
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AC CHARACTERISTICS (Continued) 








Z84C20 


Z84C20-4 




Number 


Symbol 


Parameter 


Min(ns) 


Max(ns) 


Mln(ns) 


Max(ns) 


Comment 


26 


TdSTB(PD) 


STROBE I to PORT DATA Stable 
















(Mode 2) 




230 




210 


[5] 


27 


TdSTB(PDr) 


STROBE t to PORT DATA Float Delay 
















(Mode 2) 




200 




180 


CL = 50 pf 


28 


TdPD(INT) 


PORT DATA Match to INT I Delay 
(Mode 3) 




540 




490 




29 


TdSTB(INT) 


STROBE t to INT 1 Delay 




490 




440 





NOTE: 

[5] Increase these values by 2 ns for each 1 pf increase in loading up to 
100pfmax. 
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ABSOLUTE MAXIMUM RATINGS 

Voltages on V C c with respect to V S s - 0.3V to + 7.0V 

Voltages on all inputs with respect 

toVss -0.3V to V C c + 0.3V 

Storage Temperature -65°Cto +150°C 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above these indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



STANDARD TEST CONDITIONS 



The characteristics below apply for the following test 
conditions, unless otherwise noted. All voltages are 
referenced to GND (0V). Positive current flows into the 
referenced pin. Available operating temperature range is: 

■ S = 0°Cto +70°C, + 4.50V <V C c< + 5.50V 

■ E = -40°Cto +85°C, + 4.50V <V C c< 5.50V 

The Ordering Information section lists package temperature 
ranges and product numbers. Refer to the Literature List for 
additional documentation. Package drawings are in the 
Package Information section. 



+ 5V 



FROM OUTPUT , 
UNDER TEST ' 



100 pf ^fc 




DC CHARACTERISTICS 



Symbol Parameter 



Max Typ Unit Test Condition 



VlLC 
V|HC 
V|L 
V|H 

Vol 

VOH! 
V OH 2 

Ili 
Ilo 

ICCi 



ICC 2 



Clock Input Low Voltage 


-0.3 


+ 0.45 


Clock Input High Voltage 


Vcc-0.6 


Vcc + 0.3 


Input Low Voltage 


-0.3 


+ 0.8 


Input High Voltage 


+ 2.2 


v C c 


Output Low Voltage 




+ 0.4 


Output High Voltage 


+ 2.4 




Output High Voltage 


Vcc-0.8 




Input Leakage Current 




±10 


3-State Output Leakage Current in Float 




±10 


Power Supply Current 




7 



Standby Supply Current 



Iqhd Darlington Drive Current 



-1.5 



10 



-5.0 



0.5 



V 
V 
V 
V 
V 
V 
V 
MA 

^a 

mA 



MA 



mA 



Iol = 2.0 mA 
l H - -1.6mA 
Iqh = -250/iA 
V| N = 0.4toV C c 
V0UT = 0.4toV C c 
V C C = 5V 
CLK - 4MHz 
V|H - V CC - 0.2V 
V| L = 0.2V 
V CC = 5V 
CLK = (0) 

V|H = Vcc " 
V| L = 0.2V 
V H = 1-5V 
R EX T=1.1KQ 



0.2V 



Over specified temperature and voltage range. 
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AC CHARACTERISTICS 



O 



r 



*-<D 




X 



r\j\j\ 



v 



F®^ 



V 



<i> 



x 



/ 



^sq 



<i> 



/ 



INTERRUPT 
ACKNOWLEDGE 



CLK/TROo-3 

(COUNTER 
MODE) ■ 



CLK/TRQo-3 

(TIMER 
MODE) 



X 



*<6> 



\ 



J 



F^ 



^<8> 



y 



x 



x 



*— ©- 



V 



5 






F^ 



x 



\. 



-<■>- 



\. 



y 



®- 



K 



-®- 



<§> 



■> y 



-®- 



-®- 



-<§>- 






y 



JT 

:> 

— ► 
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AC CHARACTERISTICS (Continued) 








Z84C30 


Z84C30-4 




Numbei 


' Symbol 


Parameter 


Min(ns) 


Max(ns) 


Min(ns) 


Max(ns) 


Notes* 


1 


TcC 


Clock Cycle Time 


400 


DC[1] 


250 


DC[1] 




2 


TwCh 


Clock Pulse Width (High) 


170 


DC 


105 


DC 




3 


TwCI 


Clock Pulse Width (Low) 


170 


DC 


105 


DC 




4 


TfC 


Clock Fall Time 




30 




30 




5 


TrC 


Clock Rise Time 




30 




30 




6 


Th 


All Hold Times 














7 


TsCS(C) 


CS to Clock t Setup Time 


250 




160 






8 


TsCE(C) 


CE to Clock t Setup Time 


200 




150 






9 


TslO(C) 


IORQ 1 to Clock t Setup Time 


250 




115 






10 


TsRD(C) 


RD 1 to Clock t Setup Time 


240 




115 






11 


TdC(DO) 


Clock t to Data Out Delay 




240 




200 


[2] 


12 


TdC(DOz) 


Clock 1 to Data Out Float Delay 




230 




110 




13 


TsDI(C) 


Data In to Clock t Setup Time 


60 




50 






14 


TsM1(C) 


M1 to Clock t Setup Time 


210 




90 






15 


TdM1(IEO) 


Ml \ to IEO 1 Delay (Interrupt 
















immediately preceding M1) 




300 




190 


[3] 


16 


TdlO(DOI) 


IORQ I to Data Out Delay (INTA Cycle] 


I 


340 




160 


[2], [6] 


17 


TdlEI(IEOf) 


IEW to IEO \ Delay 




190 




130 


[3] 


18 


TdlEI(IEOr) 


IEI t to IEO t Delay (after ED Decode) 




220 




160 


[3] 


19 


TdC(INT) 


Clock t to INT I Delay 




(TcC + 200) 




(TcC + 140) 


[4] 


20 


TdCLK(INT) 


CLK/TRG t to JNT J 
















tsCTR(C) satisfied 




(19) + (26) 




(19) + (26) 


[5] 






tsCTR(C) not satisfied 


(1) + (19) + (26) 




(1) + (19) + (26) 


[5] 


21 


TcCTR 


CLK/TRG Cycle Time 


(2TcC) 




(2TcC) 




[5] 


22 


TrCTR 


CLK/TRG Rise Time 




50 




50 




23 


TfCTR 


CLK/TRG Fall Time 




50 




50 




24 


TwCTRI 


CLK/TRG Width (Low) 


200 




200 






25 


TwCTRh 


CLK/TRG Width (High) 


200 




200 






26 


TsCTR(Cs) 


CLK/TRG t to Clock t Setup Time for 
















Immediate Count 


300 




210 




[5] 


27 


TsCTR(Ct) 


CLK/TRG t to Clock t Setup Time for 
enabling of Prescaler on following 
















clock t 


300 




210 




[4] 


28 


TdC(ZC/TOr) 


Clock t to ZC/TOt Delay 




260 




190 




29 


TdC(ZC/TOf) 


Clock I to ZC/TCU Delay 




190 




190 




* RESET must be active for a minimum of 3 clock cycles. 


[3] Increase delay by 2 ns for each 1 pf increase in loading, 1 00 pf 


NOTES 

[1] TcC = TwCh + TwCI + TrC + TfC. 

[2] Increase delay by 1 ns for each 50 pf increase in loading, 200 pf 
maximum for data lines, and 1 00 pf for control lines. 


maximum. 
[4] Timer mode. 
[5] Counter mode. 
[6] 2 5 TcO (n - 2) TdlEI(IEOf) ■ 

delay, if any. 


f TdM1(IEO) 


+ TslEI(IO) + TTL buffer 
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Z80CSIO 

Serial Input/Output 



Zilog 




Advance Information 
AC and DC Characteristics 



April 1985 



ABSOLUTE MAXIMUM RATINGS 

Voltages in Vcc with respect to Vss -0.3V to +0.7V 

Voltages on all inputs with respect 

to V SS -0.3V to V C c + 0.3V 

Storage Temperature -65°Cto +150°C 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above these indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



STANDARD TEST CONDITIONS 

The characteristics below apply for the following test 
conditions, unless otherwise noted. All voltages are 
referenced to GND (0V). Positive current flows into the 
referenced pin. Available operating temperature range is: 

■ S = 0°Cto +70°C, + 4.50V<V CC < +5.50V 

■ E = -40°Cto +85°C, + 4.50V < V C c < 5.50V 

Refer to the Literature List for additional documentation. 



FROM OUTPUT ^ 
UNDER TEST "^ 



100 pf ^. Or)f A ° 




DC CHARACTERISTICS 



Symbol Parameter 



Min 



Max iyp Unit Test Condition 



V|LC 


Clock Input Low Voltage 


-0.3 


+ 0.45 


V|HC 


Clock Input High Voltage 


V C c -0.6 


V C C + 0.3 


V|L 


Input Low Voltage 


-0.3 


+ 0.8 


V| H 


Input High Voltage 


+ 2.2 


Vcc 


Vol 


Output Low Voltage 




+ 0.4 


VohH 


Output High Voltage 


+ 2.4 




v OH 2 


Output High Voltage 


V C c "0.8 




Ili 


Input Leakage Current 




±10 


Ilo 


3-State Output Leakage Current in Float 




±10 


'L(SY) 


SYNC Pin Leakage Current 




+ 10/-40 


ICCi 


Power Supply Current 




15 



ICC 2 



Standby Supply Current 



10 



0.5 



V 
V 
V 
V 
V 
V 
V 

MA 

mA 



MA 



Iol = 2.0 mA 
Ioh = -1.6mA 
Iqh = -250/iA 
V| N = 0.4 to V C c 
V 0UT = 0.4 to Vcc 
V|N = 0.4 to V C c 
V C C = 5V 
CLK = 4MHz 
V|H = V C C ~ 0.2V 
V| L = 0.2V 

V C C = 5V 
CLK = (0) 
V|H = V C C " 0.2V 
V| L = 0.2V 



Over specified temperature and voltage range. 



00-2364-01 
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8-Bit Compatibility 
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March 1985 



The advancing demands of the 
marketplace require that micro- 
processor-based designs provide a 
higher level of performance and 
integration, while maintaining com- 
patibility with existing investments in 
software. With these goals in mind, 
the Z800 MPU Family was designed 
with features found on many 32-bit 
machines, yet maintaining object 
code compatibility with the Z80 
microprocessor. 

Performance 

The Z800 MPU features a 1 6-bit 
three-stage pipelined internal archi- 
tecture, with its programming model 
structured from the register file of the 
Z80 CPU. The internal processor 
clock speed starts at 10 MHz, with 
up to 25 MHz speeds planned. 

To fully benefit from the higher 
CPU speeds without making severe 
demands on memory access 
speeds, a 256 byte instruction/data 
cache memory is integrated on- 
chip. Burst transactions are also 
supported which effectively pre-load 
the cache for maximum utilization. 



Furthermore, the external bus can 
be configured for either the 8-bit Z80 
Bus or the 1 6-Bit Z-BUS interface. 
Under software control, the external 
bus clock can be scaled, wait states 
automatically inserted for both mem- 
ory and I/O address spaces, while 
still maintaining a faster internal 
clock rate. Additional performance 
can also be realized by using the 
Z800 extended addressing modes 
and instructions. An Extended Pro- 
cessor Unit (EPU) interface is also 
supported for such coprocessors as 
the Z8070 Arithmetic Processing 
Unit. 

Memory Management 

As much as 1 6M bytes can be 
directly addressed by the Z800 
MPU. The on-chip Memory Manage- 
ment Unit also provides access 
protection and dynamic relocation. 
The utility of the larger address 
spaces is enhanced by the optional 
separation of program and data as 
well as the implementation of System 
and User Modes. 



Integration 

System cost and board space has 
been reduced through the integra- 
tion of on-chip peripheral functions. 
Four 24-bit DMA channels, three 
counter/timers, one UART, a clock 
oscillator, and a dynamic memory 
refresher controller are all available 
on the Z800 chip. These functions, 
along with the MM U and cache 
memory, result in an outstanding 
combination of performance and 
value integrated onto a single chip. 

Support 

MPU features can be converted to 
system benefits with appropriate 
development support tools. Zilog 
support starts with the UNIX environ- 
ment on either a Digital Equipment 
Corporation VAX-1 1 or Zilog System 
8000. Cross-software includes an 
assembler, C-compiler, linker/loader, 
as well as a library of utilities. 
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FEATURES 

■ Enhanced Z80® instruction set that maintains 
object-code compatibility with Z80 microprocessor. 

■ On-chip paged Memory Management Unit (MMU). 

■ Large memory address space: 51 2K byte and 16M 
byte versions. 

■ On-chip, high-speed local or cache memory. 



Four on-chip 16-bit counter/timers. 
Four on-chip DMA channels. 
On-chip full duplex UART. 
10-25 MHz CPU processor clock. 



§ 



High performance 16-bit Z-BUS interface or 8-bit 
Z80-compatible bus interface. 3 



■d 



GENERAL DESCRIPTION 

Zilog's new Z800 family of 8- and 16-bit microprocessors 
features high-performance microprocessors designed to 
give the end-user a powerful and cost effective solution 
to application requirements. The family consists of the 
8-bit Z80-Bus microprocessors that are packaged in 40- 
and 64-pin dual in-line packages, and 16-bit Z-BUS 
microprocessors in 40- and 64-pin packages. The Z800 
family incorporates advanced architectural features that 
allow fast and efficient throughput and increased 
memory addressing while maintaining Z80 object code 
compatibility. Z800 microprocessors offer both a contin- 
uing growth path for present Z80-based designs and a 
high-performance microprocessor for future designs. 

Central to the Z800 microprocessors is an enhanced ver- 
sion of the Z80 Centra! Processing Unit (GPU). To assure 
system integrity, the Z800 microprocessors can operate 
in either user or system mode, allowing protection of 
system resources from user tasks and programs. 
System mode operation is supported by the addition of 
the system Stack Pointer to the working register set. The 
IX and IY registers have been modified so that in addition 
to their regular function as index registers, each register 
can be accessed as a 16-bit general purpose register or 
as two single-byte registers. 

The Z80 CPU instruction set has been retained, meaning 
that the Z800 microprocessors are completely binary- 
code compatible with present Z80 code. The basic ad- 
dressing modes of the Z80 microprocessor have been 



augmented with the addition of Indexed mode with full 
16-bit displacement, Program Counter Relative with 
16-bit displacement, Stack Pointer Relative with 16-bit 
displacement, and Base Index mode. The new address- 
ing modes are incorporated into many of the old Z80 
CPU instructions, resulting in greater flexibility and 
power. Some additions to the instruction set include 
8-and 16-bit signed and unsigned multiply and divide, 
8-and 16-bit sign extension, and a test and set instruction 
to support multiprocessing. The 16-bit instructions have 
been expanded to include 16-bit compare, memory in- 
crement, memory decrement, negate, add, and subtract, 
in addition to the previously mentioned multiply and 
divide. 

A requirement of many of today's microprocessor-based 
system designs is to increase the memory address 
space beyond the 64K byte range of typical 8-bit 
microprocessors. The Z800 microprocessors have an 
on-chip Memory Management Unit (MMU) that enables 
the microprocessors to address either 51 2K bytes or 
16M bytes, depending on the device package. In addition 
to enabling the address space to be expanded, the MMU 
performs other memory management functions 
previously handled by dedicated off-chip memory 
management devices. 

I/O address" space has been expanded by the addition of 
an I/O Page register used to select pages of I/O ad- 
dresses. The 8-bit I/O Page register can select one of 
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256 possible pages of I/O addresses to be active at one 
time, allowing a total of 64K I/O addresses to be ac- 
cessed. 

There are 256 bytes of on-chip memory present on all 
members of the Z800 family. This memory can be con- 
figured as a high-speed cache or as a fixed address local 
memory. When configured as a cache, the memory can 
be programmed to be instruction only, data only, or both 
data and instruction. The cache memory allows pro- 
grams to run significantly faster by reducing the number 
of external bus accesses. Operation and update of the 
cache is performed automatically and is completely 
transparent to the user. When used as a local memory, 
the addresses are programmable, allowing "RAMIess" 
systems to be used. 

Many features that have traditionally been handled by 
external peripheral devices have been incorporated in 
the design of the Z800 microprocessors. The "on-chip 
peripherals" reduce system chip count and reduce inter- 
connection on the external bus. All members of the Z800 
family contain an on-chip clock oscillator. Also present is 
a refresh controller that provides 10-bit refresh ad- 
dresses for dynamic memories. 

The 64-pin versions of the Z800 MPU contain additional 
on-chip peripherals to provide system design flexibility. 
To support high-bandwidth data transmission, four 
Direct Memory Access (DMA) channels are incorporated 
on-chip. Each DMA channel operates using full 24-bit 
source and destination addresses with a 16-bit count. 
The channels can be programmed to operate in single 
transaction, burst, or continuous mode. System event 
counting and timing requirements are met with the help 
of the four 16-bit counter/timers. The counter/timer func- 
tions can be externally controlled with gate and trigger 
inputs, and can be programmed as retriggerable or 
nonretriggerable. Also, a full duplex UART, capable of 
handling a variety of data and character formats, is pre- 
sent to facilitate asynchronous serial communication. 



Regardless of whether the 8- or 16-bit bus is used, all 
members of the Z800 family feature programmable bus 
timing, allowing the user to tailor timing to the individual 
system. Upon reset the Z800 microprocessors can be 
programmed to have system timing that is one-fourth, 
one-half, or equal to the speed of the CPU, with one-half 
being the default. In addition to clock scaling, program- 
mable wait states can be inserted during various bus 
transactions. Without the use of external hardware, one 
to three wait states can be inserted into memory, I/O, 
and interrupt acknowledge transactions. Furthermore, 
separate memory wait states can be specified for upper 
and lower memory areas, facilitating the use of different 
speeds of ROMs and RAMs in the same system. 

An additional feature of the 16-bit bus interface is the 
ability to support "nibble-mode" dynamic RAMs. Using 
this feature (known as burst mode), the bus bandwidth of 
memory read transactions is essentially doubled. Burst 
mode transactions have the further benefit of allowing 
the cache to operate more efficiently by guaranteeing a 
high probability that the contents of the accessed 
memory will be present in the cache. 

The Z800 family supports Zilog's Extended Processor Ar- 
chitecture (EPA) in a number of ways. All members are 
capable of trapping Extended Processor Unit (EPU) in- 
structions in order to perform software emulation of the 
EPU. The Z821 6 directly interfaces with an EPU such as 
the Z8070 Floating Point Unit and operates in a manner 
that is completely transparent to the user and the pro- 
gram. The other members of the Z800 family can inter- 
face easily with EPUs with the aid of support software. 

The pin functions of four versions of the Z800 MPU, 
Z8108, Z8208, Z8116, and Z8216, are shown in Figures 
1-4, respectively. A block diagram of the Z800 MPU is 
shown in Figure 5. 



Z800 CPU 



User and System Modes off Operation 

The Z800 CPU can operate in either user or system 
mode. In user mode, some instructions cannot be ex- 
ecuted and some registers of the CPU are inaccessible. 
In general, this mode of operation is intended for use by 
application programs. In system mode, all of the instruc- 
tions can be executed and all of the CPU registers can 
be accessed. This mode is intended for use with pro- 
grams that perform operating system functions. This 
separation of CPU resources promotes the integrity of 
the system, since programs operating in user mode can- 
not access those aspects of the CPU that deal with 
system interface events. 



To further support the dual user/system mode, there are 
two copies of the Stack Pointer — one for the user stack 
and another for the system stack. These two stacks 
facilitate the task switching involved when interrupts or 
traps occur. To ensure that the user stack is free of 
system information, the information saved on the occur- 
rence of interrupts or traps is always pushed onto the 
system stack before the new program status is loaded. 
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Figure 1. Z8108 Pin Functions 



Figure 2. Z8208 Pin Functions 
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Figure 3. Z8116 Pin Functions 



Figure 4. Z8216 Pin Functions 
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Figure 5. Z800 MPU Block Diagram 



Address Spaces 

The Z800 CPU architecture supports four distinct ad- 
dress spaces corresponding to the different types of 
locations that can be accessed by the CPU. These four 
address spaces are: 

■ CPU register space 

■ CPU control and status register space 

■ Memory address space 

■ I/O address space 

CPU Register Space. The CPU register space consists 
of all of the registers in the CPU register file. The CPU 
registers are used for data and address manipulation. 
Access to these registers is specified in the instruction. 
The CPU registers are labeled F, A, B, C, D, E, H, L, F', 
A', B', C, D', E', H\ L\ IX, IY, SSP, USP, PC, I, and R. 



CPU Control and Status Register Space. The CPU 

control register space consists of all of the control and 
status registers found in the CPU control register file. 
These registers govern the operation of the CPU and are 
accessible only by the privileged Load Control instruc- 
tion. The registers in the CPU control file consist of the 
Master Status register, Bus Timing and Initialization 
register, Bus Timing and Control register, Interrupt/Trap 
Vector Table Pointer, I/O Page register, System Stack 
Limit register, Trap Control register, Interrupt Status 
register, Cache Control register, and Local Address 
register. 

Memory Address Space. Two memory address spaces 
are supported by the Z800 CPU; one for user and one for 
system mode of operation. They are selected by the 
User/System Mode (U/S) bit in the Master Status 
register, which governs the selection of page descriptor 
registers during address translation. 
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Each address space can be viewed as a string of 64K 
bytes numbered consecutively in ascending order. The 
8-bit byte is the basic addressable element in the 
memory address spaces. However, there are other ad- 
dressable data elements: bits, 2-byte words, byte strings 
and multiple-byte EPU operands. 

The address of a multiple-byte entity is the address of the 
byte with the lowest address. Multiple-byte entities can 
be stored beginning at either even or odd memory ad- 
dresses. 

I/O Address Space. I/O addresses are generated only 
by the I/O instructions IN, OUT, and the I/O block move 
instructions. Logical I/O addresses are eight bits in 
length, augmented by the A register on lines A8-A15 in 
Direct Address addressing mode and by the B register 
on lines A8-A15 in Indirect Register addressing mode 
and for block I/O instructions. The 16-bit logical I/O ad- 
dress is always extended by appending the contents of 
the 8-bit page register to the augmented I/O address. 
Thus the complete address generated to address an I/O 
port consists of an I/O page number on A23-A16, the con- 
tents of the A or B register on A8-A15, and the 8-bit I/O 
address on A7-A0. 

Unlike memory references, in which a 16-bit word store 
or fetch can generate two memory references, an I/O 
word store or fetch is always one I/O bus transaction, 
regardless of bus size or I/O port address. Note, 
however, that on-chip peripherals with word registers 
are accessed via word I/O instructions for those 16-bit 
registers, regardless of the external bus size. 



Data Types 

The CPU can operate on bits, binary-coded decimal 
(BCD) digits (4 bits), bytes (8 bits), words (16 bits), byte 
strings, and word strings. Bits in registers or memory 
can be set, cleared, and tested. BCD digits, packed two 
to the byte, can be manipulated with the Decimal Adjust 
Accumulator instruction in conjunction with binary addi- 
tion and subtraction. Bytes are operated on by 8-bit load, 
arithmetic, logical, and shift and rotate instructions. 
Words are operated on in a similar manner by the 16-bit 
load and 16-bit arithmetic instructions. Block move and 
search operations can manipulate byte strings up to 64K 
bytes long. Block I/O word instructions can manipulate 
word strings up to 32K words long. To support EPU 
operations, byte strings up to 16 bytes in length can be 
transferred by the CPU. 

CPU Registers 

The Z800 MPU contains 23 programmable registers in 
the CPU register address space. These registers are 
illustrated in Figure 6. 

Primary and Working Register Set. The working 
register set is divided into the two 8-bit register 
files — the primary file and alternate (designated by ' 
[prime]) file. Each file contains an 8-bit accumulator (A), 
a Flag register (F), and six general-purpose registers (B, 
C, D, E, H, and L). Only one file can be active at any 
given time. Upon reset, the primary register file is active. 
Exchange instructions allow the programmer to ex- 
change the active file with the inactive file. 
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Figure 6. CPU Register Configuration 
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The accumulator is tne destination register for 8-bit 
arithmetic and logical operations. The six general- 
purpose registers can be paired (BC, DE, and HL) to form 
three 16-bit general-purpose registers. The HL register 
pair serves as a 16-bit accumulator for 16-bit arithmetic 
operations. 

CPU Flag Register. The Flag register contains six flags 
that are set or reset by various CPU operations. This 
register is illustrated in Figure 7. 
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Figure 7. CPU Flag Register 



The flags in this register are: 

Carry (C). This flag is set when an add instruction 
generates a carry or a subtract instruction generates a 
borrow. Certain logical and rotate and shift instructions 
affect the Carry flag. 

Add/Subtract (N). This flag is used by the Decimal Adjust 
Accumulator instruction to distinguish between add and 
subtract operations. The flag is set for subtract opera- 
tions and cleared for addition operations. 

Parity/Overflow (P/V). This flag is set or cleared depend- 
ing on the operation being performed. During arithmetic 
operations it is set to indicate a twos complement 
overflow. During logical and rotate operations, this flag 
is set to indicate even parity of the result, or cleared to 
indicate odd parity. 

Half Carry (H). This flag is set if an 8-bit arithmetic opera- 
tion generates a carry or borrow between bits 3 and 4, or 
if a 16-bit operation generates a carry or borrow between 
bits 1 1 and 12. This bit is used to correct the result of a 
packed BCD addition or subtract operation. 

Zero (Z). This flag is set if the result of an arithmetic or 
logical operation is a zero. 

Sign (S). This flag stores the state of the most significant 
bit of the accumulator. The Sign flag is also used to in- 
dicate the results of a test and set instruction. 

Dedicated CPU Registers 

Index Registers. The two Index registers, IX and IY, 
each hold a 16-bit base address that is used in the Index 
addressing mode. The Index registers can also function 
as general-purpose registers with the upper and lower 
bytes capable of being accessed individually. The high 
and low bytes of the IX register are called IXH and IXL. 
The high and low bytes of the IY register are called IYH 
and IYL 

Interrupt Register. The Interrupt register (I) is used in in- 
terrupt mode 2 to generate a 16-bit indirect logical ad- 
dress to an interrupt service routine. The Interrupt 
register supplies the upper eight bits of the indirect ad- 
dress and the interrupting peripheral supplies the lower 
eight bits. 



Program Counter. The Program Counter (PC) is used to 
sequence through instructions in the currently-executing 
program and to generate relative addresses. The Pro- 
gram Counter contains the 16-bit logical address of the 
current instruction being fetched from memory. 

R Register. The R register can be used as a general- 
purpose 8-bit read/write register. The R register is not 
associated with the refresh address and its contents are 
changed only by the user. 

Stack Pointers. Two hardware Stack Pointers, the user 
Stack Pointer (USP) and the system Stack Pointer (SSP), 
support the dual mode of operation of the 
microprocessor. The SSP is used for saving information 
when an interrupt or trap occurs, and for supporting 
subroutine calls and returns in system mode. The USP is 
used for supporting subroutine calls and returns in user 
mode. 

Status and Control Registers. There are ten status and 
control registers available to the programmer in the 
Z800 MPU. Table 1 shows the addresses occupied by 
the registers in the status and control register address- 
ing space. 

Table 1. Status and Control Register Addressing Space 





Address 


Control Register Name 


(Hexadecimal) 


Bus Timing and Control 


Control 02 


Bus Timing and Initialization 


Control FF 


Cache Control 1 


Control 12 


Interrupt Status 


Control 16 


Interrupt/Trap Vector Table 


Control 06 


I/O Page Register 


Control 08 


Local Address Register 2 


Control 14 


Master Status (MSR) 


Control 00 


Stack Limit 


Control 04 


Trap Control 


Control 10 



NOTES: 

1 . See section on on-chip memory for register description. 

2. See section on multiprocessing mode of operation for register description. 



Bus Timing and Control Register. This 8-bit register 
(Figure 8) governs the timing of transactions to high 
memory addresses and the daisy-chain timing for inter- 
rupt requests, as well as the functionality of requests on 
the various Z800 MPU interrupt request lines. On reset, 
this register is cleared to all 0s. 
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Figure 8. Bus Timing and Control Register 



336 



2259-007, 008 



The fields in this register are: 

I/O Wait Insertion (I/O). This 2-bit field specifies the 
number of additional wait states (in addition to the one 
automatically inserted for I/O) to be inserted by the CPU 
in both I/O transactions and vector response timing (00 
= none, 01 = one, 10 = two, 11 = three). 

High Memory Wait Insertion (HM). This 2-bit field 
specifies the number of automatic wait states (00 = 
none, 01 = one, 10 = two, 11 = three) for the CPU to 
insert in memory transactions when the MMU is enabled 
and there is a 1 in bit 15 of the selected page descriptor 
register. 

Daisy Chain Timing (DC). This 2-bit field determines the 
number of additional automatic wait states the CPU in- 
serts while the interrupt acknowledge daisy chain is set- 
tling (00 = none, 01 = one, 10 = two, 11 = three). A 
value of 01 in the DC field indicates that one additional 
cycle will be added to the four cycles that normally 
elapse between interrupt acknowledge, AS and DS 
assertions. 

Bus Timing and Initialization Register. This 8-bit 
register (Figure 9) is used to specify the duration of con- 
trol signals for the external bus when the MMU is dis- 
abled or when the MMU is enabled and there is a in bit 
15 of the selected page descriptor register. It also con- 
trols the relationship between internal processor clock 
rates and bus timing. It can be programmed by external 
hardware upon reset. 

During reset this register is initialized to one of two set- 
tings, depending on the state of the Wait input line on the 
rising edge of reset: if the Wait line is not asserted, the 
register is set to 00h- If the Wait line is asserted during 
reset, then this register is set to the contents of the AD 
lines. 
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Figure 9. Bus Timing and Initialization Register 



The fields in this register are: 

Clock Scaling (CS). This 2-bit field specifies the scaling of 
the CPU clock for all bus transactions (00 = one bus 
clock cycle is equal to two internal processor clock 
cycles, 01 = bus clock cycle is equal to the internal 
processor clock cycle, 10 = one bus clock cycle is 
equal to four internal processor clock cycles, 11 = 
reserved). This field cannot be modified by software. 

Low Memory Wait Insertion (LM). This 2-bit field 
specifies the number of automatic wait states (00 = 
none, 01 = one, 10 = two, 11 = three) for the CPU to 
insert in memory transactions when the MMU is disabled 
or when the MMU is enabled and there is a in bit 15 of 
the selected page descriptor register. 



Multiprocessor Configuration Enable (MP). This 1 -bit field 
enables the multiprocessor mode of operation (0 = 
disabled, 1 = enabled). (See the multiprocessor mode 
section). 

Bootstrap Mode Enable (BS). This 1 -bit field enables the 
bootstrap mode of operation (0 = disabled, 1 = en- 
abled). (See the UART section for details about bootstrap 
mode.) 

Interrupt Status Register. This 16-bit register (Figure 
10) indicates which interrupt mode is in effect and which 
interrupt sources have interrupt requests pending. It also 
contains the bits that specify whether the interrupt in- 
puts are to be vectored. Only the interrupt vector enable 
bits are writeable; all other bits are read-only. 
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Figure 10. Interrupt Status Register 



The fields in this register are: 

Interrupt Request Pending (IP). When bit IP n is set to 1, 
an interrupt request from sources at level n is pending. 
(See the Interrupt and Trap Structure section.) 

Interrupt Mode (IM). A value of n in this 2-bit field in- 
dicates that interrupt mode n is in effect. This field can 
be changed by executing the IM instruction. 

Interrupt Vector Enable (I). These four bits indicate 
whether each of the four interrupt inputs are to be vec- 
tored. When l n is set to 1, interrupts on the Interrupt n 
line are vectored when the CPU is in interrupt mode 3; 
when cleared to 0, all interrupts on this line use the same 
entry in the Interrupt/Trap Vector Table. These bits are 
ignored except in interrupt mode 3. 

Interrupt/Trap Vector Table Pointer. This 16-bit 
register (Figure 1 1) contains the most significant 12 bits 
of the physical address at the beginning of the Inter- 
rupt/Trap Vector Table; the lower 1 2 bits of the physical 
address are assumed to be 0. The four least significant 
bits of this register must be 0. 
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Figure 11. Interrupt/Trap Vector Table Pointer 

I/O Page Register. This 8-bit register (Figure 12) in- 
dicates the bits to be appended to the 16 bits that are 
output during I/O transactions during the I/O address 
phase. 



A23 A22 A21 A20 A19 



9 j Ai8j Ai 7 | A16 j 
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Figure 12. I/O Page Register 
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Master Status Register. The Master Status register 
(Figure 13) is a 16-bit register containing status informa- 
tion about the currently-executing program. This register 
is cleared to during reset. 



Trap Control Register. This 8-bit register (Figure 15) 
enables the maskable traps. 
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Figure 13. Master Status Register 

The fields in this register are: 

Interrupt Request Enable (E n ). There are seven Interrupt 
Enable bits, one for each type of maskable interrupt 
source (both external and internal). When bit E n is set to 
1, interrupt requests from sources at level n are ac- 
cepted by the CPU; when this bit is cleared to 0, interrupt 
requests at level n are not accepted. 

Single-Step (SS). While this bit is set to 1, the CPU is in 
single-stepping mode; while this bit is cleared to 0, 
automatic single-stepping is disabled. This bit is 
automatically cleared when a trap or interrupt is taken. 

Single-Step Pending (SSP). While this bit is set to 1, the 
CPU generates a trap prior to executing an instruction. 
The SS bit is automatically copied into this field at the 
completion of each instruction. This bit is automatically 
cleared to when a Single-Step, Page Fault, Privileged 
Instruction, Break-on-Halt or Division trap is taken so 
that the SSP bit in the saved Master Status register is 
cleared to 0. 

Breakpoint-on-Halt Enable (BH). While this bit is set to 1 , 
the CPU generates a Breakpoint trap whenever a halt in- 
struction is encountered; while this bit is cleared to 0, the 
halt instruction is executed normally. 

User/System Mode (U/S). While this bit is cleared to 0, 
the CPU is in the system mode of operation; while it is 
set to 1 the CPU is in the user mode of operation. 

System Stack Limit Register. This 16-bit register 
(Figure 14) indicates when a System Stack Overflow 
Warning trap is to be generated. If enabled by setting a 
control bit in the Trap Status register, pushes onto the 
system stack cause the 12 most significant bits in this 
register to be compared to the upper 12 bits of the 
system Stack Pointer and a trap is generated if they 
match. The low-order four bits of this register must be 0. 
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Figure 14. System Stack Limit Register 



Figure 15. Trap Control Register 



The bits in this register are: 

System Stack Overflow Warning (S). While this bit is set 
to 1 the CPU generates a Stack Overflow Warning trap 
when the system stack enters the specified region of 
memory. Upon reset this register is initialized to all 0s. 

EPU Enable (E). While this bit is cleared to 0, the CPU 
generates a trap whenever an EPA instruction is en- 
countered. 

Inhibit User I/O (I). While this bit is set to 1, the CPU 
generates a Privileged Instruction trap when an I/O in- 
struction is encountered in user mode. 

Cache Control and Local Address Registers. See the 

on-chip memory section for information about the Cache 
Control register, and the multiprocessor mode section 
for information about the Local Address register. 

Interrupt and Trap Structure 

The Z800 MPU provides a very flexible and powerful in- 
terrupt and trap structure. Interrupts are external asyn- 
chronous events requiring CPU attention, and are 
generally triggered by peripherals needing service. 
Traps are synchronous events resulting from the execu- 
tion of certain instructions. 

Interrupts. Two types of interrupt, nonmaskable and 
maskable, are supported by the Z800 MPU. The non- 
maskable interrupt (NMI) cannot be disabled (masked) 
by software and is generally reserved for highest priority 
external events that require immediate attention. 
Maskable interrupts, however, can be selectively dis- 
abled by software. Both nonmaskable and maskable in- 
terrupts can be programmed to be vectored or nonvec- 
tored. The CPU accepts interrupts between instructions 
with the exception of the block move, search, and I/O in- 
structions, which can be safely interrupted after any 
iteration and restarted after the interrupt is serviced. 

Interrupt Sources. The Z80 MPU accepts non- 
maskable interrupts on the NMI pin o nly. The Z800 MPU 
accepts maskable interrupts on the INT pins, and from 
the on-chip counter/timers, DMA channels, and the 
UART receiver and transmitter. The 40-pin members of 
the Z800 family accept maskable interrupts on INTa 
only. 
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Interrupt Lines A, B, and C can be selectively program- 
med to support vectored interrupts by setting the ap- 
propriate bits in the Interrupt Status register. The exter- 
nal interrupts can be programmed to be vectored or 
nonvectored in interrupt mode 3. 

Interrupt Modes of Operation. The CPU has four 
modes of interrupt handling. The first three modes ex- 
tend the Z80 interrupt modes to accommodate addi- 
tional interrupt input lines in a compatible fashion. The 
fourth mode provides more flexibility in handling the in- 
terrupts. On-chip peripherals use the fourth mode 
regardless of which mode is selected for externally 
generated interrupt requests. The interrupt mode is 
selected by using the privileged instructions IM 0, IM 1, 
IM 2, or IM 3. On reset, the Z800 MPU is automatically 
set to interrupt mode 0. The current interrupt mode in ef- 
fect can be read from the Interrupt Status register. 

Mode 0. This mode is identical to the 8080 interrupt 
response mode. With this mode, the interrupting device 
on any of the maskable interrupt lines can place a call or 
restart instruction on the data bus and the CPU will ex- 
ecute it. As a result, the interrupting device, instead of 
the memory, provides the next instruction to be ex- 
ecuted. 

Mode 1. When this mode is selected, the CPU responds 
to a maskable external interrupt by executing a restart to 
the logical address 0038h in the system program ad- 
dress space. 

Mode 2. This mode is a vectored interrupt response 
mode. With a single 8-bit byte from the interrupting 
device, an indirect call can be made to any memory 
location. With this mode the system maintains a table of 
16-bit starting addresses for every interrupt service 
routine. This table can be located anywhere in the 
system mode logical data address space on a 256-byte 
boundary. When an interrupt is accepted, a 16-bit pointer 
is formed to obtain the desired interrupt service routine 
starting address from the table. The upper eight bits of 
this pointer are formed from the contents of the I 
register. The lower eight bits of the pointer must be sup- 
plied by the interrupting device. The 16-bit pointer so 
formed is treated as a logical address in the system data 
address space, which can be translated by the MMU to a 
physical address. 

Mode 3. This is the intended mode of operation for 
systems that take advantage of the enhancements of the 
Z800 microprocessor family (such as single-step and 
user/system mode) since the Master Status register is 
automatically saved and another loaded for the inter- 
rupts. Also, vector tables can be used for the external in- 
terrupt sources to provide more interrupt vectors for the 
Z8000TM family, Z80 family, and Z8500 Universal 
Peripherals. 

When an interrupt request (either maskable or non- 
maskable) is accepted, the Master Status register, the 
address of the next instruction to be executed, and a 
16-bit "reason code" are pushed onto the system stack. 
A new Master Status register and Program Counter are 



then fetched from the Interrupt/Trap Vector Table. The 
"reason code" for externally generated interrupts is the 
contents of the bus during the interrupt acknowledge se- 
quence; for 8-bit data buses, the most significant byte of 
the reason code is zero. For interrupts generated by on- 
chip peripherals, the reason code identifies which 
peripheral generated the interrupt and is identical to the 
vector address in the Interrupt/Trap Vector Table. The In- 
terrupt/Trap Vector Table Pointer is used to reference 
the table. 

Traps. The Z800 CPU supports eight traps that are 
generated internally. The following traps can be dis- 
abled: the EPA trap, which allows software to emulate an 
EPU; the Stack Warning trap, which is taken at the end of 
an instruction causing the trap; the Breakpoint-on-Halt 
trap, which is taken when a halt instruction is en- 
countered; and the Single-Step trap, which is taken for N 
each instruction. In addition, I/O instructions can be 2 
specified as privileged instructions. Traps cause the in- § 
struction to be terminated without altering CPU registers gj 
(except for the system Stack Pointer, which is modified «g 
when the program status is pushed onto the system CS 
stack). 

The saving of the program status on the system stack 
and the fetching of a new program status from the Inter- 
rupt/Trap Vector Table is the same in any interrupt mode 
of operation. 

Traps can only occur if the trap generating features of 
the Z800 CPU (such as System Stack Overflow warning) 
have been explicitly enabled. Traps cannot occur on in- 
structions of the Z80 instruction set unless explicitly 
enabled by the operating system using Z800 CPU exten- 
sions. 

Extended Instruction. This trap occurs when the CPU en- 
counters an extended instruction while the Extended 
Processing Architecture (EPA) bit in the Trap Control 
register is 0. Four trap vectors are used by the EPA 
trap — one for each type of EPA instruction. This greatly 
simplifies trap handlers that use I/O instructions to ac- 
cess an EPU or software to emulate an EPU. 

Privileged Instruction. This trap occurs whenever an at- 
tempt is made to execute a privileged instruction while 
the CPU is in user mode (User/System Mode control bit 
in the Master Status register is 1). 

System Call. This trap occurs whenever a System Call 
(SC) instruction is executed. 

Access Violation. This trap occurs whenever the MMU's 
translation mode is enabled and an address to be 
translated is invalid or (for writes) is write-protected. 

System Stack Overflow Warning. This trap occurs only 
while the Stack Overflow Warning bit in the Trap Control 
register is set to 1. For each system stack push opera- 
tion, the most significant bits in the Stack Pointer 
register are compared with the contents of the Stack 
Limit register and a trap is signaled if they match. The 
Stack Overflow Warning bit is then automatically cleared 
in order to prevent repeated traps. 
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Division Exception. This trap occurs whenever the 
divisor is zero (divide-by-zero case) or the true quotient 
cannot be represented in the destination precision 
(overflow); the CPU flags are set to distinguish these two 
cases. 

Single-Step. This trap occurs before executing an in- 
struction if the Single-Step Pending control bit in the 
Master Status register is set to 1. Two control bits in the 
Master Status register are used for the Single-Step trap. 
The Single-Step bit (bit 8), on being set when previously 
clear, causes a trap to occur after the execution of the 
next instruction. While this bit is set to 1 , if an instruction 
execution causes a trap, the Single-Step trap occurs 
after the execution of the trap-handling routine. The 
Single-Step Pending bit (bit 9), is used by the processor 
to ensure that only one Single-Step trap occurs for each 
instruction executed while the Single-Step bit is set to 1 . 

Breakpoint-on-Halt. This trap occurs whenever the 
Breakpoint-on-Halt control bit in the Master Status 
register is 1 and a halt instruction is encountered. 

Interrupt and Trap Disabling. Maskable interrupts can 
be enabled or disabled independently via software by 
setting or clearing the appropriate control bits in the 
Master Status register. 

A 7-bit mask field in the Master Status register indicates 
which of the requested interrupts will be accepted. Inter- 
rupt requests are grouped as follows, with each group 
controlled by a separate Interrupt Enable control bit. The 
list is presented in order of decreasing priority, with 
sources within a group listed in order of descending 
priority. 

■ Maskable Interrupt A line (bit 0) 

■ Counter/Timer 0, DMAO (bit 1) 

■ Maskable Interrupt B line (bit 2) 

■ Counter/Timer 1, UART receiver, DMA1 (bit 3) 

■ Maskable Interrupt C line (bit 4) 

■ Counter/Timer 2, UART transmitter, DMA2 (bit 5) 

■ Counter/Timer 3, DMA3 (bit 6) 

When a source of interrupts has been disabled, the CPU 
ignores any interrupt request from that source. 

The System Stack Overflow Warning trap, I/O instruc- 
tions in user mode trap (Privileged Instruction trap), or 
Extended Instruction trap can be enabled by setting con- 
trol bits in the Trap Control register, and the Single-Step 
and Breakpoint-on-Halt trap can be enabled by setting 
control bits in the Master Status register; these are the 
only traps that can be disabled. 

Interrupt/Trap Vector Table. The format of the Inter- 
rupt/Trap Vector Table consists of pairs of Master Status 
register and Program Counter words, one pair for each 



separate on-chip interrupt or trap source. For each ex- 
ternal interrupt, there is a separate Master Status 
register word and Program Counter word (for use if the 
input is not vectored). If the external interrupt is vec- 
tored, a vector table consisting of one Program Counter 
word for each of the 128 possible vectors that can be 
returned for each input line is used instead of the 
dedicated Program Counter word; thus for vectored in- 
terrupts, there is only one Master Status register for 
each interrupt type. 

The format of the Interrupt/Trap Vector Table is shown in 
Table 2. 



Table 2. Interrupt/Trap Vector Table 



Address 




(Hexadecimal] 


) Contents 


00 


Unused 


04 


NMI Vector 


08 


Interrupt Line A Vector (End of Process) 


0C 


Interrupt Line B Vector 


10 


Interrupt Line C Vector 


14 


C-TO 


18 


C-T1 


1C 


C-T2 


20 


C-T3 


24 


DMAO Vector 


28 


DMA1 Vector 


2C 


DMA2 Vector 


30 


DMA3 Vector 


34 


UART Receiver Vector 


38 


UART Transmitter Vector 


3C 


Single-Step Trap Vector 


40 


Breakpoint-on-Halt Trap Vector 


44 


Division Exception Trap Vector 


48 


Stack Overflow Warning Trap Vector 


4C 


Page Fault Trap Vector 


50 


System Call Trap Vector 


54 


Privileged Instruction Trap Vector 


58 


EPU — Memory Trap Vector 


5C 


Memory — EPU Trap Vector 


60 


A - EPU Trap Vector 


64 


EPU Internal Operation Trap Vector 


68-6C 


Reserved 


70-1 6E 


128 Program Counters for NMI and In- 




terrupt line A Vectors (MSR from 04 and 




08, respectively) 


170-26E 


128 Program Counters for Interrupt Line 




B Vectors (MSR from OC) 


270-36E 


128 Program Counters for Interrupt Line 




C Vectors (MSR from 10) 
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Addressing Modes 

Addressing modes (Figure 16) are used by the CPU to 
calculate the effective address of an operand needed for 
execution of an instruction. Nine addressing modes are 
supported by the Z800 CPU. Of these nine, four are addi- 
tions to the Z80 addressing modes (Indexed with 16-bit 
displacement, Stack Pointer Relative, Program Counter 
Relative, and Base Index) and the remaining five modes 
are either existing or extensions to the existing Z80 ad- 
dressing modes. 

Register. The operand is one of the 8-bit registers (A, B, 
C, D, E, H, L, IXH, IHL, IYH or IYL); or one of the 16-bit 
registers (BC, DE, HL, IX, IY, or SP), or one of the special 
byte registers (I or R). 

Immediate. The operand is in the instruction itself and 
has no effective address. 

Register Indirect. The contents of a register specify the 
effective address of an operand. The HL register is the 
register most often used for memory accesses. The C 
register is used for I/O and control register space ac- 
cesses. 

Direct Address. The effective address of the operand is 
the location whose address is contained in the instruc- 



tion. Depending on the instruction, the specified operand 
is either in I/O or data memory space. 

Index. The effective address of the operand is the loca- 
tion specified by adding the 16-bit address contained in 
the instruction to a twos complement "index" contained 
in the HL, IX, or IY register. 

Short Index. The effective address of the operand is the 
location computed by adding the 8-bit twos complement 
signed displacement contained in the instruction to the 
contents of the IX or IY register. This addressing mode is 
equivalent to the Z80 CPU indexed mode. 

Relative. An 8- or 16-bit displacement contained in the 
instruction is added to the Program Counter to generate 
the effective address of the operand. 

Stack Pointer Relative. The effective address of the 
operand is the location computed by adding a 16-bit twos 
complement displacement contained in the instruction 
to the contents of the Stack Pointer. 

Base Index. The effective address of the operand is the 
location whose address is computed by adding the con- 
tents of HL, IX, or IY to the contents of another of these 
three registers. 
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Instruction Set 

Notation 

Addressing Modes. The following notation is used to 
describe the addressing modes and instruction opera- 
tions as shown in the instruction set. 

BX Base Index 

DA Direct Address 

IM Immediate constant 

IR Indirect Register 

X Index 

R Single register of the set (A, B, C, D, E, H, L) 

RA Relative address 

RX A byte in the IX or IY register 

SP Current Stack Pointer 

SR Stack Relative 

SX Short Index 

n 8-bit constant 

nn 16-bit constant 

Symbols. The following symbols are used to describe 
the instruction set. 

dst (Destination location or contents) 

src (Source location or contents) 

n (An 8-bit constant) 

nn (A 16-bit constant) 

SP (Current Stack Pointer) 

p (Interrupt mode) 

(C) (I/O port pointed to by C register) 

SSP (System Stack Pointer) 

USP (User Stack Pointer) 

Assignment of a value is indicated by the symbol "«-". 
For example, 



dst — dst + src 

indicates that the source data is added to the destination 
data and the result is stored in the destination location. 
The notation "addr(n)" is used to refer to bit "n" of a 
given location. For example, 

dst(7) 

specifies bit 7 of the destination. 

Flags. The F register contains the following six flags. 

C Carry flag 

H Half carry flag 

N Add/Subtract flag 

P/V Parity/Overflow flag 

S Sign flag 

Z Zero flag 



Condition Codes. 

condition codes. 



The following symbols describe the 



Z* 

NZ* 

C* 

NC* 

S 

NS 

V 

PE 

PO 

P 

M 



Zero 
Not zero 
Carry 
No carry 
Sign 
No sign 
Overflow 
Parity even 
Parity odd 
Positive 
Minus 



*Abbreviated set 
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Mode 



Operand Addressing 



Operand Value 



In the Instruction In a Register 



In Memory or I/O 



Register | register address | — *\ operandj 



The content of the 
register 



Immediate | operand | 



In the instruction 



Register 
Indirect 



| register address I — »>| address[- 



»| operand] 



The content of the location 
whose address is in the 
register 



Direct 
Address 



-H OPERAND 



The content of the location 
whose address is in the 
instruction 



'Index 



REGISTER ADDRESS 



K 



BASE ADDRESS 



-►^ H operand] 



The content of the location 
whose address is the 16-bit 
address in the instruction, 
offset by the content of 
the 16-bit register 



Short Index 



REGISTER ADDRESS 



DISPLACEMENT 



> 



-**^ — H operan p] 



The content of the location 
whose address is in the 16-bit 
register, offset by the 8-bit 
displacement in the 
instruction 



'Relative 



| PC VALUE |~ 



DISPLACEMENT 



►^ ^ »| OPERAND | 



The content of the location 
whose address is the 
content of the Program 
Counter, offset by the 
displacement in the 
instruction 



'Stack Pointer ^_____ I SPVALUE I "% 

Relative j displacement | *^D m_operandJ 



The content of the location 
whose address is the 
content of the Stack 
Pointer, offset by the 
displacement in the 
instruction 



'Base Index 



REGISTER ADDRESS 1 




ADDRESS 


REGISTER ADDRESS 2 


DISPLACEMENT 





-*^y ^| operand] 



The content of the location 
whose address is the 
content of a register, 
offset by the displacement 
in a register 



*New Z800 Family addressing modes 



Figure 16. Addressing Modes 
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8-Bit Load Group 


Instruction 


Addressing Modes 


S 


Flags 
Z H P/V N 


C 


Operation 


EX A,src 


src = R,RX,IR,DA,X,SX, 
RA,SR,BX 








Exchange Accumulator 

A«* src 


EXH.L 










Exchange H,L 

H~L 



LD dst.src 



src = A 
dst=R,RX,IR,DA,X, 

SX.RA.SR.BX, 

(BC).(DE) 
or 

src = R,RX,IM,IR,DA, 
X.SX.RA.SR.BX, 
(BC),(DE) 

dst = A 



Load Accumulator 

dst *- src 



N 

1 

3 

a 



LD dst.src 



dst=R 

src = R,RXt|M,IR,SX 

or 
dst = R,RXt|R,SX 
src = R 



Load Register (Byte) 

dst «- src 



LD dst,n 



dst=R,RX,IR,DA,X, 
SX,RA,SR,BX 



Load Immediate (Byte) 

dst *- nn 



* LDUD dst.src 



dst = A 
src=IRorSXin user 

space 
or 
dst=IRorSXin user 

space 
src = A 



Load in User Data 
Space (Byte) 

dst — src 



LDUP dst.src 



dst = A 

src = IRorSXin user 

space 
or 
dst=IRorSXin user 

space 
src = A 



Load in User Program 
Space (Byte) 

dst *- src 



16-Bit Load Group 


Instruction Addressing Modes 


s 


z 


Flags 

H P/V N 


C 


Operation 


EXsrc.HL src=DE,IX,IY 










Exchange HL with 
Addressing Register 

src «* HL 


* Privileged instruction. 

t Accessing bytes of IX or IY precludes use of H or L 
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16-Bit Load Group (Continued) 



Instruction Addressing Modes 



S 



Flags 

H P/V N C 



Operation 



EX (SP),dst 



dst=HLIX,IY 



Exchange Addressing 
Register with Top 
of Stack 

(SP) ~ dst 



EXAF,AF' 



$ $ $ $ $ $ 



Exchange Accumulator/ 
Flag with 
Alternate Bank 

AF «*• AF' 



EXX 



Exchange Byte/Word 
Registers with Alternate 
Bank 

BC ~ BC' 
DE^DE' 
HL«*HL' 

Load Addressing 
Register 

dst *- src 

Load Register Word 

dst *- src 

Load Immediate Word 

dst «- nn 

Load Immediate Word 

dst *- nn 

Load Stack Pointer 

dst «- src 

Load Address 

dst - address (src) 

POP 

dst - (SP) 
SP - SP + 2 

PUSH 

SP - SP - 2 
(SP) - src 



LD[W] dst.src 



dst=HL,IX,IY 
src=IM,DA,X,RA,SR,BX 

or 

dst=DA,X,RA,SR,BX 
src=HL,IX,IY 



LD[W] dst,src 



dst=BC,DE,HL,SP 
src = IM,IR,DA,SX 

or 
dst=IR,DA,SX 
src=BC,DE,HL,SP 



LDW dst,nn 



dst = RR,IR,DA,RA 



LD[W] dst,nn 



dst = RR 



LD[W] dst.src 



dst = SP 

src = HL,IX,IY,IM,IR, 
DA.SX 
or 
dst=IR,DA,SX 
src = SP 



LDA dst.src 



dst=HL,IX,IY 
src = X,RA,SR,BX 



POP dst 



dst = RRMR,DA,RA 



PUSH src 



src = RR*,IM,IR,DA, 
RA 
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*AF instead of SP. 



Block Transfer and Search Group 



Instruction 



Addressing Modes 



Flags 
S Z H P/V N C Operation 



CPD 



* * * * 1 



Compare and Decrement 

A - (HL) 
HL«-HL - 1 
BC - BC - 1 



CPDR 



* * * * 1 



Compare, Decrement 
and Repeat 

Repeat until BC = 0or 
match: 

A - (HL) 

HL«-HL - 1 

BC ^ BC - 1 



CPI 



T T T t 1 



Compare and Increment 

A - (HL) 
HL«-HL + 1 
BC - BC - 1 



3 



CPIR 



* * * * 1 



Compare, Increment 
and Repeat 

Repeat until BC = 0or 
match: 

A - (HL) 

HL«-HL + 1 

BC «- BC - 1 



LDD 



••0*0 



Load and Decrement 

(DE)-(HL) 
DE«-DE - 1 
HL«-HL - 1 
BC ^ BC - 1 



LDDR 



• 



Load, Decrement and 
Repeat 

Repeat until BC = 0: 
(DE)-(HL) 
DE «- DE - 1 
HL^HL - 1 
BC «- BC - 1 



LDI 



••0*0 



Load and Increment 

(DE)-(HL) 
DE - DE + 1 
HL«-HL + 1 
BC - BC - 1 



LDIR 



• 



Load, Increment and 
Repeat 

Repeat until BC = 0: 
(DE)-(HL) 
DE «- DE + 1 
HL«-HL + 1 
BC — BC - 1 
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8-Bit Arithmetic and Logic Group 


Instruction 


Addressing Modes 


S 


z 


Flags 
H P/V 


N 


c 


Operation 


ADC [AJsrc 


src = R,RX,IM,IR, 
DA,X,SX,RA, 
SR.BX 


$ 


* 


* 


V 





* 


Add With Carry (Byte) 

A -*- A + src + C 


ADD [AJsrc 


src = R,RX,IM,IR, 
DA,X,SX,RA, 
SR,BX 


* 


t 


* 


V 





* 


Add (Byte) 

A «- A + src 


AND [AJsrc 


src = R,RX,IM,IR, 
DA.X.SX.RA, 
SR.BX 


t 


* 


1 


p 








And 

A «- A AND src 


CP [AJsrc 


src = R,RX i IM,IR, 
DA,X,SX,RA, 
SR.BX 


t 


t 


* 


V 


1 


t 


Compare (Byte) 

A- src 


CPL [A] 




• 


• 


1 


• 


1 


• 


Complement 
Accumulator 

A*- NOT A 


DAA [A] 




* 


t 


* 


p 


• 


* 


Decimal Adjust 
Accumulator 

A *- Decimal Adjust A 


DEC dst 


dst = R,RX,IR,DA,X, 
SX,RA,SR,BX 


* 


t 


* 


V 


1 


• 


Decrement (Byte) 

dst ^ dst - 1 


DIV[HL,]src 


src = R,RX,IM,DA,X, 
SX,RA,SR,BX 


* 


* 


• 


t 


• 


• 


Divide (Byte) 

A^HL-src 
L *- remainder 


DIVU [HLJsrc 


src = R,RX,IM l DA I X, 
SX,RA,SR,BX 





* 


• 


* 


• 


• 


Divide Unsigned (Byte) 

A^HL-src 
L -*- remainder 



EXTS [A] 



Extend Sign (Byte) 

L^A 

If A(7) = 0, then H^- 00 
else H *- FF 



INC dst 


dst = R,RX,IR,DA,X, 
SX,RA,SR,BX 


* 


* 


* 


V 





• 


Increment (Byte) 

dst «- dst + 1 


MULT [AJsrc 


src = R,RX,IM,IR,DA, 
X,SX,RA,SR,BX 


$ 


* 


• 





• 


t 


Multiply (Byte) 

HL*-Ax src 


MULTU [AJsrc 


src = R,RX,IM,IR,DA, 
X,SX,RA,SR,BX 





* 


• 





• 


$ 


Multiply Unsigned (Byte) 

HL«-A x src 



NEG [A] 



$ t * V 1 t 



Negate Accumulator 

A*- -A 
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8-Bit Arithmetic and Logic Group (Conti 


nued) 










Instruction 


Addressing Modes 


S 


z 


Flags 
H P/V 


N 


C 


Operation 


OR [A,]src 


src = R,RX,IM,IR,DA, 
X,SX,RA,SR,BX 


t 


t 


P 








OR 

A^ A OR src 


SBC [AJsrc 


src = R,RX,IM,IR,DA, 
X,SX f RA,SR,BX 


t 


* 


t V 


1 


t 


Subtract With Carry 
(Byte) 

A «- A - src - c 


SUB [A,]src 


src = R,RX,IM,IR,DA, 
X,SX,RA,SR,BX 


t 


* 


t V 


1 


t 


Subtract 

A -*- A - src 


XOR [A,]src 


src = R,RX,IM,IR,DA, 
X,SX,RA,SR,BX 


t 


* 


P 








Exclusive OR 

A *- A XOR src 


16-Bit Arithmetic Operations 


Instruction 


Addressing Modes 


S 


z 


Flags 
H P/V 


N 


c 


Operation 



ADC dst.src 



dst=HL 

src = BC,DE,HL,SP 

or 
dst=IX 
src = BC,DE,IX,SP 

or 
dst=IY 
src = BC,DE,IY,SP 



* t $ V $ 



Add With Carry (Word) 

dst «- dst + src + c 



ADD dst.src 



dst=HL 

src = BC,DE,HL,SP 

or 
dst = IX 
src = BC,DE,IX,SP 

or 
dst=IY 
src = BC,DE,IY,SP 



$ 



Add (Word) 

dst *- dst + src 



ADD dst.A 


dst=HL,IX,IY 


t 


* 


t 


V 





* 


Add Accumulator to 
Addressing Register 

dst «- dst + A 


ADDW[HL,]src 


src = RR*,IM,DA,X,RA 


t 


* 


* 


V 





$ 


Add Word 

HL*-HL + src 


CPW[HL,]src 


src = RRMM,DA,X,RA 


* 


t 


* 


V 


1 


t 


Compare (Word) 

HL - src 



DECW dst 



dst = RR*,IR,DA,X,RA 



Decrement (Word) 

dst «- dst - 1 



* In X addressing mode, (HL + nn) is precluded 
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16-Bit Arithmetic Operations (Continued) 


Instruction 


Addressing Modes 


Flags 
S Z H P/V N 


I c 


Operation 


DEC[W] dst 


dst=RR 








Decrement (Word) 

dst «- dst - 1 


DIVUW 

[DEHLJsrc 


src = RR,IM,DA,X,RA 


i 


} • * • 


• 


Divide Unsigned (Word) 

HL«- DEHLJsrc 
DE *- remainder 


DIVW[DEHL,]src 


src = RR,IM,DA,X,RA 


t \ 


J • * • 


• 


Divide (Word) 

HL*- DEHLJsrc 
DE *- remainder 


EXTS HL 










Extend Sign (Word) 

If H(7)=0, then DE ^ 0000 
elseDE^-FFFF 


INCW dst 


dst = RR,IR,DA,X*,RA 








Increment (Word) 

dst *- dst + 1 


INC[W] dst 


dst=RR 








Increment (Word) 

dst «- dst + 1 


MULTUW[HL,]src 


src = RR,IM,DA,X,RA 


1 


• • 


♦ 


Multiply Unsigned 
(Word) 

DEHL«-HL x src 


MULTW[HL,]src 


src = RR,IM,DA,X,RA 


t 1 


\ • • 


* 


Multiply (Word) 

DEHL-HL x src 


NEGHL 




t 1 


I * V 1 


$ 


Negate HL 

HL*- -HL 



SBC dst.src 



dst=HL 

src = BC,DE,HL,SP 

or 
dst = IX 
src = BC,DE,IX,SP 

or 

dst=IY 

src = BC,DE,IY,SP 



I t t V 



Subtract With Carry 
(Word) 

dst «- dst - src - C 



SUBW [HLJsrc src = RR,IM,DA,X*,RA 



$ I t V 1 t 



Subtract (Word) 

HL«-HL - src 



*lnX addressing mode, (HL + nn) is precluded 



348 



Bit Manipulation, Rotate and Shift Group 


Instruction 


Flags 
Addressing Modes S Z H P/V N C 


Operation 


BIT b,dst 


dst = R,IR,SX • t 1 • • 


Bit Test 

Z - NOT dst(b) 


RES b,dst 


dst = R,IR,SX •••••• 


Reset bit 

dst(b) «- 



RLdst 



dst = R,IR,SX 



t $ P $ 



Rotate Left 

tmp *- dst 
dst(O) «- C 
C «- dst(7) 

dst(n + 1) *- tmp(n) for 
n = to 6 

dst 



3 
■9 



RLA 



• • • $ Rotate Left Accumulator 

tmp «- A 
A(0) «- C 
C-A(7) 

A(n + 1)«-tmp(n)for 
n = to 6 



K^ M^M 



RLC dst 



dst = R,IR,SX 



t * P t 



Rotate Left Circular 

tmp «- dst 
C - dst(7) 
dst(O) «- tmp(7) 
dst(n + 1) ♦- tmp(n) for 
n = to 6 

DD*HEIF 

dst 



RLCA 



• • t Rotate Left Circular 

(Accumulator) 

tmp — A 
C-A(7) 
A(0) «- tmp(7) 
A(n + 1)«-tmp(n)for 
n = to 6 
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Bit Manipulation, Rotate and Shift Group (Continued) 



Instruction 



Addressing Modes 



Flags 
S Z H P/V N C Operation 



RLD 



t t P 



Rotate Left Digit 

tmp(0:3) <- A(0:3) 
A(0:3) «- src(4:7) 
src(4:7) «- src(0:3) 
src(0:3) *- tmp(0:3) 





|7 4|3 0| 


|7 4|3 0| 


A 


u 

dst 



RRdst 



dst = R,IR,SX 



* t P t 



Rotate Right 

tmp *- dst 
dst(7) - C 
C - dst(O) 

dst(n) «- tmp(n + 1)for 
n = to 6 

dst 



RRA 



• • • $ 



Rotate Right 
(Accumulator) 

tmp ♦- dst 
A(7)-C 
C - A(0) 

A(n)«-tmp(n + 1)for 
n = to 6 



RRC dst 



dst = R,IR,SX 



* * P I 



Rotate Right Circular 

tmp «- dst 
C «- dst(O) 
dst(7) «- tmp(O) 
dst(n) *- tmp(n + 1)for 
n = to 6 



L[7ro]~L| 



E 



dst 
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Bit Manipulation, Rotate and Shift Group (Continued) 



Instruction 



Addressing Modes 



Flags 
S Z H P/V N C Operation 



RRCA 



• $ 



Rotate Right Circular 
(Accumulator) 

tmp «- A 
C «- A(0) 
A(7) - tmp(O) 
A(n) «- tmp(n + 1) for 
n = to 6 

dst 



RRD dst 



dst = IR 



t t P 



Rotate Right Digit 

tmp(0:3) - A(0:3) 
A(0:3) «- src(0:3) 
src(0:3) «- src(4:7) 
src(4:7) *- tmp(0:3) 



I ♦ I ♦ 


|7 4|3 0| |7 4|3 0| 


t 



dst 



% 



SET b,dst 



dst = R,IR,SX 



Set Bit 

dst(b) «- 1 



SLA dst 



dst = R,IR,SX 



* t P t 



Shift Left Arithmetic 

tmp «- dst 
C - dst(7) 
dst(O) - 

dst(n + 1) *- tmp(n) for 
n = to 6 

[c]*+ \ 7 - o] ^-o 

dst 



SRAdst 



dst = R,IR,SX 



t t P t 



Shift Right Arithmetic 

tmp «- dst 
C - dst(O) 
dst(7) - tmp(7) 
dst(n) «- tmp(n + 1)for 
n = to 6 

dst 
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Bit Manipulation, Rotate and Shift Group (Continued) 



Flags 
Instruction Addressing Modes S Z H P/V N C Operation 



SRL dst 



dst = R,IR,SX 



t P I 



Shift Right Logical 

tmp «- dst 
C «- dst(O) 
dst(7) - 

dst(n) «- tmp(n + 1)for 
n as to 6 

0" H7^o| h»Tc1 

dst 



TSET dst dst = R,IR,SX 


t • • . • 




Test and Set 

s *- dst(7) 
dst «- FF 


Program Control Group 


Instruction Addressing Modes 


Flags 
S Z H PN N 


C 


Operation 



CALL cc,dst dst = IR,DA,RA 



CALL 

If cc is satisfied then: 
SP - SP - 2 
(SP) «- PC 

PC «- dst 

CALL 

SP - SP - 2 
(SP) - PC 

PC «- dst 

• • $ • I Complement Carry Flag 

C - NOT C 

• ••••• Decrement andJump if 

Non-Zero 

B«-B - 1 

If B#0 then PC*- dst 

• ••••• Jump on Auxiliary 

Accumulator/Flag 

If Auxiliary AF then: 

PC «- dst 

• ••••• Jump on Auxiliary 

Register File in Use 

If Auxiliary File then: 

PC «•- dst 

• ••••• Jump 

If cc is satisfied then: 
PC - dst 



CALL dst 



dst=IR,DA,RA 



CCF 



DJNZ dst 



dst = RA 



JAF dst 



dst = RA 



JAR dst 



dst=RA 



JP cc.dst 



dst=IR,DA,RA 
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Program Control Group (Continued) 


Instruction 


Addressing Modes 


Flags 
S Z H P/V N C 


Operation 


JPdst 


dst=IR,DA,RA 






Jump 

PC *- dst 


JR cc.dst 


dst = RA 






Jump Relative 

If cc* is satisfied then: 
PC - PC + dst 


JRdst 


dst=RA 






Jump Relative 

PC - PC + dst 


RET 








Return 

PC - (SP) 
SP - SP - 2 



RETcc 



Return 

If cc is satisfied then: 
PC «- (SP) 
SP <•- SP + 2 



RST dstt 



dst = DA 



Restart 

SP ^ SP - 2 
(SP) «- PC 
PC «- dst 



SCnn 



System Call 

SP «- SP - 4 

(SP) - PS 

SP <- SP - 2 

(SP) *- nn 

PS *- System Call 

Program Status 



SCF 




• 


•0*0 


1 


Set Carry Flag 

C-1 


Input/Output Instruction Group 


Instruction 


Addressing Modes 


S 


Flags 
Z H P/V N 


c 


Operation 


* INdst,(C) 


dst = R,RX i DA f X i RA i 
SR.BX 


t 


t P 


• 


Input 

dst - (C) 


t INA,(n) 










Input Accumulator 

A-(n) 



* Uses abbreviated set of condition codes, 
t dst must be 0, 8, 16, 24, 32, 40, or 56. 
t Programmable as privileged. 
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Input/Output Instruction Group (Continued) 


Flags 
Instruction Addressing Modes S Z H P/V N C 


Operation 


t IN[W]HL,(C) •••••• 


Input HL 

HL - (C) 



t IND 



• t • • 1 • 



Input and Decrement 
(Byte) 

(HL) - (C) 
B-B - 1 
HL - HL - 1 



t INDW 



• t • • 1 • 



Input and Decrement 
(Word) 

(HL) - (C) 
B-B - 1 
HL - HL - 2 



t INDR 



• 1 



1 • Input, Decrement and 
Repeat (Byte) 

Repeat until B = 0: 
HL-(C) 
B-B - 1 
HL«-HL- 1 



t INDRW 



• 1 • • 1 • 



Input, Decrement and 
Repeat (Word) 

Repeat until B = 0: 
HL-(C) 
B«-B - 1 
HL«-HL- 2 



t INI 



• | • • 1 • 



Input and Increment 
(Byte) 

(HL)-(C) 
B<-B - 1 
HL^HL + 1 



t INIW 



• t • • 1 



Input and Increment 
(Word) 

(HL)-(C) 
B^B - 1 
HL^HL + 2 



t INIR 



• 1 • • 1 • 



Input, Increment and 
Repeat (Byte) 

Repeat until B = 0: 
(HL)-(C) 
HL^HL + 1 
B^B - 1 



t Programmable as privileged. 
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Input/Output Instruction Group (Continued) 



Instruction 



Addressing Modes 



S Z 



Flags 

H P/V N C 



Operation 



t INIRW 



t OUTD 



Input, Increment and 
Repeat (Word) 

Repeat until B = 0: 
(HL)-(C) 
HL^-HL- 2 
B^B - 1 



t OUT(C),src 


src = R,RX,DA,X,RA, • • « 
SR.BX 


• • • Output 

(C) — src 


t OUT(n),A 




• • • Output Accumulator 

(n)-A 


t OUT[W](C),HL 




• • • Output HL 

(C)«-HL 



Output and Decrement 
(Byte) 

B^-B - 1 
(C)-(HL) 
HL*-HL - 1 



I 



t OUTDW 



Output and Decrement 
(Word) 

B«-B - 1 
(C)-(HL) 
HL^HL - 2 



t OTDR 



Output, Decrement and 
Repeat (Byte) 

Repeat until B = 0: 
B«-B - 1 
(C)-(HL) 
HL«-HL - 1 



t OTDRW 



Output, Decrement and 
Repeat (Word) 

Repeat until B = 0: 
B^-B - 1 
(C)-(HL) 
HL^HL- 2 



t OUTI 



Output and Increment 
(Byte) 

B^B - 1 
(C)-(HL) 
HL^HL + 1 



t Programmable as privileged. 
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Input/Output Instruction Group (Continued) 



Flags 
Instruction Addressing Modes S Z H P/V N C Operation 



t OTIW 



• $ • • 1 



Output and Increment 
(Word) 

B«-B - 1 
(C)-(HL) 
HL^-HL + 2 



t OTIR 



• 1 



Output, Increment and 
Repeat (Byte) 

Repeat until B = 0: 
B«-B - 1 
(C)-(HL) 
HL^-HL + 1 



t OUTIRW 



• 1 • • 1 • 



Output, Increment and 
Repeat (Word) 

Repeat until B = 0: 
B«-B - 1 
(C)-(HL) 
HL«-HL + 2 



t TSTI(C) 


t $ P o • 


Test Input 

F «- test (C) 


CPU Control Group 


Instruction Addressing Modes 


Flags 
S Z H P/V N C 


Operation 



Dl mask 



mask = Hex value between 
and 7F 

mask = Hex value between 
and 7F 



Disable Interrupt 

If mask(i) = 1 then: 
MSR(i) - 0; 

If no mask then: 
MSR _ e *- ° 



El mask 



Enable Interrupt 

If mask(i) = 1 then: 
MSR(i) - 1; 

If no mask then: 
MSR _ q - 1 



* HALT 








Halt 

CPU Halts 


* IMp 


p = 0,1,2,3 






Interrupt Mode Select 

Interrupt Mode *- p 


* LDdst.src 


dst = A 
src = l,R 


t t 


t • 


Load Accumulator from 
1 or R Register 

A *- src 


t Programmable as privileged. 
* Privileged instruction. 
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CPU Control Group (Continued) 


Instruction Addressing Modes 


S 


z 


Flags 
H P/V N 


C 


Operation 


* LDdst.src dst = l,R 
src = A 










Load 1 or R Register 
from Accumulator 

dst -A 



* LDCTLdst.src 



dst = (C),USP 
src=HL,IX,IY 

or 
dst=HL,IX,IY 
src = (C),USP 



NOP 


•••••• No Operation 


PCACHE 


• ••••• Purge Cache 

All cache entries 
invalidated 


* RETI 


Return from Interrupt 

PC «- (SP) 
SP «- SP + 2 



* RETIL 



Load Control 

dst +- src 

No Opera 

Purge Ca< 

All cache ( 
invalidatec 

Return frc 

PC «- (SP) 
SP <- SP - 

Return from Interrupt 
Long 

PS - (SP) 
SP *- SP + 4 

Return from 
Nonmaskable Interrupt 

PC «- (SP) 
SP - SP + 2 
MSR(0-7) *- IFF(0-7) 



* RETN 



Extended Instruction Group 1 


Instruction 


Addressing Modes 


Flags 
S Z H P/V 


N 


C 


Operation 


EPUM src 


src=IR,DA,X,RA,SR,BX 








Load EPU from Memory 

EPU *- template 
EPU «- src 


MEPU dst 


dst=IR,DA,X,RA,SR,BX 








Load Memory from EPU 

EPU *- template 
dst +- EPU 



EPUF 



* t 



Load Accumulator 
from EPU 

EPU ^ template 
A*- EPU 



EPUI 



EPU Internal Operation 

EPU *- template 



1 Refer to the Z8070 Z8000™ Floating-Point Product Specification (document number 00-2235-01 ) for the floating-point 
extended instructions. 



* Privileged instruction. 
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EXTENDED PROCESSING 
ARCHITECTURE 

Features 

The Zilog Extended Processing Architecture (EPA) pro- 
vides an extremely flexible and modular approach to ex- 
panding both the hardware and software capabilities of 
the Z800 CPU. Features of the EPA include: 

■ Allows Z800 CPU instruction set to be extended by 
external devices. 

■ Increases throughput of the system by using up to 
four specialized external processors in parallel with 
the CPU. 

■ Used by Z8070 floating-point EPU. 

■ Permits modular design of Z800 CPU-based 
systems. 

■ Provides easy management of multiple 
microprocessor configurations via "single instruc- 
tion stream" communication. 

■ Simple interconnection between EPUs and Z800 
MPU requires no additional external supporting 
logic. 

■ Supports debugging of suspect hardware against 
proven software. 

■ EPUs can be added as the system grows and as 
EPUs with specialized functions are developed. 

General Description 

The processing power of the Zilog Z-BUS Z800 
microprocessor can be boosted beyond its intrinsic 
capability by the Extended Processing Architecture 
(EPA). The EPA allows the Z800 CPU to accommodate 
up to four Extended Processing Units (EPUs), which per- 
form specialized functions in parallel with the CPU's 
main instruction execution stream. 

The EPUs connect directly to the Z-BUS and continuous- 
ly monitor the CPU instruction stream for an instruction 
intended for the EPU (template). When a template is 
detected, the appropriate EPU responds, obtaining or 
placing data or status information on the Z-BUS by using 
the Z800 CPU-generated control signals and performing 
its function as directed. 

The CPU is responsible for instructing the EPU and 
delivering operands and data to it. The EPU recognizes 
templates intended for it and executes them, using data 
supplied with the template and/or data within its internal 
registers. There are three classes of EPU instructions: 

■ Data transfers between main memory and EPU 
registers 

■ Data transfers between CPU registers and EPU 
status registers 

■ EPU internal operations 



Six addressing modes can be utilized with transfers be- 
tween EPU registers and the CPU and main memory: 

■ Direct Address 

■ Indirect Register 

■ Indexed 

■ Stack Pointer Relative 

■ Relative 

■ Base Index 

In addition to the hardware-implemented capabilities of 
the EPA, there is an extended instruction trap 
mechanism to permit software simulation of EPU func- 
tions. An EPU present bit in the Z800 MPU Trap Control 
register indicates whether actual EPUs are present or 
not. If not, when the CPU traps when an extended in- 
struction is detected, a software "trap handler" can 
emulate the desired EPU function. Thus, the EPA soft- 
ware trap routine supports systems not containing an 
EPU. 

EPA and CPU instruction execution are shown in Figure 
17. The CPU begins operation by fetching an instruction 
and determining whether or not it is an EPU instruction. 
If the instruction is an EPU instruction, the state of the 
EPU Enable bit in the Trap Control register is examined. 
If the EPU Enable bit is reset (E = 0), the CPU generates 
a trap and the EPU instruction can be simulated by an 
EPU instruction trap software routine. However, if the 
EPU Enable bit is set (E = 1), indicating that an EPU is 
present in the system, then the 4-byte EPU template is 
fetched from memory. The fetching of the EPU template 
is indicated by the status lines ST -ST 3 . The EPU mean- 
while continuously monitors the Z-BUS and the status 
lines for its own templates. After fetching the EPU 
template, the CPU, if necessary, transfers appropriate 
data between the CPU and memory or between the CPU 
and the EPU. These transactions are indicated by unique 
encodings of the status lines. If the EPU is free when the 
template and the data appear, the EPU template is ex- 
ecuted. If the EPU i s still pr ocessing a previous instruc- 
tion, it activates the PAUSE line (Z8216 only) to halt fur- 
ther execution of CPU instructions until execution is 
complete. After the execution of the t emplate is com- 
plete, the EPU deactivates the PAUSE line and CPU in- 
struction execution continues. 
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Figure 17. EPA and Z8216 CPU Instruction Execution 



MEMORY MANAGEMENT 

Features 

■ On-chip dynamic address translation 

■ Permits addressing of large physical memory 
a 51 2K bytes — 40-pin devices 

□ 16M bytes — 64-pin devices 

■ Separate translation facilities for user and system 
modes 

■ Permits instructions and data to reside in separate 
memory areas. 

■ Write protection for individual pages of memory 

■ Aborts CPU on access violation to support virtual 
memory 

General Description 

The Z800 microprocessor contains an on-chip Memory 
Management Unit (MMU), which translates logical ad- 
dresses into physical addresses. This allows access to 
more than 64K bytes of physical memory and provides 
memory protection features typical of those found on 
large systems. With the MMU, the CPU can access up to 
16M bytes of physical memory, depending on package 
size (the 40-pin package devices output only 19 address 
bits). The MMU features a sophisticated trapping 
mechanism that generates page faults on error condi- 



tions. Instructions that are aborted by a page fault can 
be restarted in a manner compatible with virtual memory 
system requirements. On reset, the MMU features are 
not enabled, thus permitting logical addresses to pass to 
the physical memory untranslated. 

The physical address space is expanded by dividing the 
64K byte logical address space (the space manipulated 
by the program) into pages. The pages are then mapped 
(translated) into the larger physical address space of the 
Z800 microprocessor. The mapping process makes the 
user software addresses independent of the physical 
memory, so the user is freed from specifying where in- 
formation is actually stored in physical memory. The ac- 
tual size of the page depends on whether the pro- 
gram/data separation mode is enabled— if it is enabled, 
each page is 8K bytes in length, and if it is not enabled, 
the page length is 4K bytes. With the page mapping 
technique, 16-bit logical addresses can be translated in- 
to 24-bit physical addresses (only the lower 19 bits are 
externally available on 40-pin devices). Address transla- 
tion can occur both in system and in user mode, with 
separate translation facilities available to each mode. 
The MMU further allows instruction references to be 
separated from data references, which enables pro- 
grams of up to 64K bytes in length to manipulate up to 
64K bytes of data without operating system intervention. 
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MMU Architecture 

The Z800 MMU consists of two sets of sixteen page 
descriptor registers (Figure 18) that are used to translate 
addresses, a 16-bit control register that governs the 
translation facilities, a Page Descriptor Register Pointer, 
an I/O write-only port that can be used to invalidate sets 
of page descriptors, and two I/O ports for accesses to 
the page descriptor registers. One set of page descriptor 
registers is dedicated to the system mode of operation 
and the other set is dedicated to the user mode of opera- 
tion. 

While an address is being translated, attributes 
associated with the logical page containing that location 
are checked. The correct logical page is determined by 
the CPU mode (user or system), address space (pro- 
gram/data), and the four most significant bits of the 
logical address. Pages can be write-protected to prevent 
them from being modified by the executing task and can 
also be marked as non-cacheable to prevent information 
from being copied into the cache for later reference. The 
latter capability is useful in multiprocessor systems, to 
ensure that the processor always accesses the most 
current version of information being shared among multi- 
ple devices. The MMU also maintains a bit for each page 
that indicates if the page has been modified. 

Each page descriptor register contains a Valid bit, which 
indicates that the descriptor contains valid information. 
Any attempt by the MMU to translate an address using 
an invalid descriptor generates a page fault. Valid bits for 
groups of page descriptor registers can be reset by 
writing to an MMU control port. 
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Figure 18. Page Descriptor Register 

For each mode of CPU operation, the MMU can be con- 
figured to separate instruction fetches from data 
fetches, and thus separate the program address space 
from the data address space. When the program/data 
separation mode is in effect, the sixteen page descriptor 
registers for the current CPU mode of operation (user or 
system) are partitioned into two sets, one for instruction 
fetches and one for data fetches. A instruction fetch or 
data access using the Program Counter Relative ad- 
dressing mode is translated by the MMU registers 
associated with the program address space; data ac- 
cesses using other addressing modes and accesses to 
the Interrupt Vector Table in interrupt mode 2 use the 
MMU registers associated with the data address space. 
In this mode of MMU operation, the page size is 8192 
bytes. There are two control bits in the MMU Master 
Control register that independently specify whether the 
user and system modes of CPU operation have separate 
program and data address spaces. 



Each 16-bit page descriptor register consists of a 4-bit 
attribute field and a 12-bit page frame address field. The 
attribute field consists of the least significant bits of the 
descriptor and contains four control and status bits, 
listed below. 

Modified (M). This bit is automatically set whenever a 
write is successfully performed to a logical address in 
this page; it can be cleared to only by a software 
routine that loads the descriptor register. If the Valid bit 
is 0, the contents of this bit are undefined. 

Cacheable (C). While this bit is set to 1, information 
fetched from this page can be placed in the cache. While 
this bit is cleared to 0, the cache control mechanism is 
inhibited from retaining a copy of the information. 

Write-Protect (WP). While this bit is set to 1 , CPU writes 
to logical addresses in this page cause a page fault to be 
generated and prevent a write operation from occurring. 
While this bit is cleared to 0, all valid accesses are per- 
mitted. 

Valid (V). While this bit is set to 1 , the descriptor contains 
valid information. While this bit is cleared to 0, all CPU 
accesses to logical addresses in this page cause a page 
fault to be generated. 

MMU Control Registers and I/O Ports 

MMU operation is controlled by one control register and 
four dedicated I/O ports. The MMU Master Control 
register (Figure 19) determines the program/data ad- 
dress space separation in effect in both user and system 
modes and whether logical addresses generated in user 
and system mode will be translated by the MMU. Page 
descriptor registers are accessed indirectly through the 
register address contained in the Page Descriptor 
Register Pointer. The descriptor select port is used to ac- 
cess the page descriptor register that is pointed to by the 
Page Descriptor Register Pointer. After this access the 
Page Descriptor Register Pointer is left unchanged. The 
block move I/O port is used to move blocks of words be- 
tween the page descriptor registers and memory; reads 
or writes to this I/O port access data pointed to by the 
Page Descriptor Register Pointer, then increment the 
pointer by one. The Invalidation I/O Port is used to in- 
validate blocks of page descriptor registers; writes to 
this port cause the Valid bits in selected blocks of page 
descriptor registers to be cleared to 0, which indicates 
that the descriptors no longer contain valid information. 
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Figure 19. MMU Master Control Register 



MMU Master Control Register. The MMU Master Con- 
trol register controls the operation of the MMU. This 
register contains four control bits; all other bits in this 
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register must be cleared to 0. The four control bits of the 
MMU Master Control register are described below. 

Page Fault Identifier (PFI). This 5-bit field latches infor- 
mation that indicates which page descriptor register was 
being accessed when the access violation was 
detected. 

System Mode Program/Data Separation Enable (SPD). 
While this bit is set to 1, instruction fetches and data ac- 
cesses via the PC Relative addressing mode use the 
system mode page descriptor registers 8-15, and data 
references that do not use the PC Relative addressing 
mode use the system mode page descriptor registers 
0-7. While this bit is cleared to 0, system mode page 
descriptor registers 0-15 are used to translate instruc- 
tion and data references. 

System Mode Translate Enable (STE). While this bit is set 
to 1 , logical addresses generated in the system mode of 
operation are translated. While this bit is cleared to 0, 
addresses are passed through the MMU extended with 
zeros in the most significant bits and no attribute check- 
ing or modified bit setting is performed. 

User Mode Program/Data Space Separation Enable 
(UPD). While this bit is set to 1 , instruction fetches and 
data accesses via the PC Relative addressing mode use 
user mode page descriptor registers 8-15, and data 
references that do not use the PC Relative addressing 
mode use user mode page descriptor registers 0-7. 
While this bit is cleared to 0, user mode page descriptor 
registers 0-15 are used to translate instruction and data 
references. 

User Mode Translated Enable (UTE). While this bit is set 
to 1, logical addresses generated in the user mode of 
operation are translated. While this bit is cleared to 0, 
addresses are passed through the MMU extended with 
zeros in the most significant bits and no attribute check- 
ing or modified bit setting is performed. 

Page Descriptor Register Pointer. Moves of data into 
and out of the MMU page descriptor registers use the 
Page Descriptor Register Pointer. This 8-bit register con- 
tains the address of one of the page descriptor registers. 
When a word I/O instruction accesses I/O address 
FFxxF5 (descriptor select port), this register is used to 
access a page descriptor register. When a word I/O in- 
struction accesses I/O address FFxxF4 (block move I/O 
port), this register is also used to access a page descrip- 
tor register, but after the access, this register is 
automatically incremented by one. 

Descriptor Select Port. Moves of one word of data into 
and out of a page descriptor register are accomplished 
by writing and reading words to or from this dedicated 
I/O port at location FFxxF5. Any word I/O instruction can 
be used to access a page descriptor register via this 
port, provided that the Page Descriptor Register Pointer 
is properly initialized. 



Block Move I/O Port. Block moves of data into and out 
of the page descriptor registers are accomplished by 
writing and reading words to or from this dedicated I/O 
port at location FFxxF4. Any word I/O instruction can be 
used to access page descriptor registers via this port, 
provided that the Page Descriptor Register Pointer is 
properly initialized. 

Invalidation I/O Port. Valid bits can be cleared (i.e., the 
page descriptor registers invalidated) by writing to this 
dedicated 8-bit port (Table 3). Individual Valid bits can 
subsequently be set by software writing to the page 
descriptor registers. Reading this I/O port returns un- 
predictable data. 

Table 3. Invalidation Port Table 



Encoding 


Registers Invalid 


01 H 


System Page Descriptor Registers 0-7 


02 H 


System Page Descriptor Registers 8-15 


03 H 


System Page Descriptor Registers 0-15 


04 H 


User Page Descriptor Registers 0-7 


05 H 


User Page Descriptor Registers 8-15 


08 H 


User Page Descriptor Registers 8-15 


0C h 


User Page Descriptor Registers 0-15 



Translation Mechanism 

Address Translation. Address translation is illustrated 
in Figure 20. While the Program/Data Space Separation 
bit is cleared to 0, the 16-bit logical address is divided in- 
to two fields, a 4-bit index field used to select one of 16 
page descriptor registers, and a 12-bit offset field that 
forms the lower 12 bits of the physical address. The 
physical address is composed of the 1 2-bit page frame 
address supplied by the selected page descriptor 
register and the 12-bit offset supplied by the logical ad- 
dress. 

While the Program/Data Space Separation bit is set to 1 , 
the logical address is divided into a 3-bit index field and a 
13-bit offset field. The page descriptor register consists 
of an 1 1-bit Page Frame Address field. The physical ad- 
dress is a result of concatenating the page frame ad- 
dress and the logical offset. The page descriptor register 
is chosen by a 4-bit index field, which consists of a Pro- 
gram/Data Address bit from the CPU and the three Index 
bits from the logical address. 
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Figure 20. Address Translation 



ON-CHIP MEMORY 



Features 

■ 256-byte local memory 

■ Configurable as high-speed cache 

■ Programmable to cache instructions, data or both 

■ Permits faster execution by minimizing external bus 
accesses 

■ Operation is transparent to user 

■ Configurable as local RAM with user-definable ad- 
dresses 

The Z800 MPU has 256 bytes of on-chip memory, which 
can be dedicated to memory locations programmed by 



the system or used as a cache for instructions or data. 
Its mode of use (dedicated memory or a cache) is pro- 
grammable; on reset it is automatically enabled for use 
as a cache for instructions only. 

On-Chip Memory Architecture 

The on-chip memory is organized as 16 lines of 16 bytes 
each. Each line can hold a copy of 16 consecutive bytes 
in physical memory locations whose 20 most significant 
bits of physical address are identical. Each byte in the 
cache has an associated Valid bit that indicates whether 
the cache holds a valid copy of the memory contents at 
the associated physical memory location. Figure 21 illus- 
trates the cache organization. 
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Figure 21. Cache Organization 
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The on-chip memory has two modes of operation. If the 
Memory/Cache bit in the Cache Control register is set to 
1 , then the 256 bytes of on-chip memory are treated as 
physical memory locations. Memory accesses to ad- 
dresses covered by the on-chip memory do not generate 
bus transactions on the external bus and hence the ac- 
cesses are faster. In this mode, the valid bits are ig- 
nored. 

If the Memory/Cache bit is cleared to 0, then the 256 
bytes of on-chip memory are treated as a cache 
memory. The lines are allocated using a least-recently 
used (LRU) algorithm. When a cache "miss" on a read 
occurs (and the MMU does not assert cache inhibit), the 
line in the cache that has been least recently accessed 
is selected to hold the newly read data. All bytes in the 
selected line are marked invalid except for the bytes 
containing the newly accessed data. On a cache miss, 
one or two bytes, depending on the bus size, are fetched 
from main memory. Except for burst mode instruction 
fetches, the cache does not pre-fetch beyond the 
currently-requested address. A cache miss on a data 
write does not cause a line to be allocated to the 
memory location accessed. 

The cache can hold both instructions and data. Two con- 
trol bits in the Cache Control register can be separately 
set to enable the cache to hold instructions and to hold 
data. If the cache contains data, writes to data at loca- 
tions contained in the cache also cause external bus 
transactions to update the appropriate memory location. 

Both the CPU and the on-chip DMAs access the cache. 
For the CPU, if the MMU is enabled, the access can be 
either cacheable or non-cacheable, depending on the 
value of the Cacheable bit in the page descriptor register 
used to translate the logical address. If the MMU is not 
enabled, all memory transactions are considered to be 
cacheable. Two bits in the Cache Control register, the 
Cache Instructions Disable bit and the Cache Data 
Disable bit, further determine the operation of the cache 
for various situations. These bits enable the cache for in- 
structions and for data. 

When the on-chip memory is used as fixed memory loca- 
tions, neither the Cache Instruction Disable or Cache 
Data Disable bits are used, and no distinction is made as 
to whether the CPU is accessing data or instructions. 

In general, when devices such as on-chip DMAs transfer 
data to the memory, the cache data is modified if the 



write is to a valid location in the cache but the LRU 
mechanism is unaffected. Also, for the EPU to memory 
transfer, if the cache contains valid locations that are up- 
dated by an EPU transaction, the on-chip cache is also 
updated. 

Cache Control Register. The operation of the on-chip 
memory is controlled by an 8-bit Cache Control register 
(Figure 22) that is accessed using a load control instruc- 
tion. This register contains five control bits; all other bits 
must be cleared to 0. 
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Figure 22. Cache Control Register 

The bits in this register are: 

High Memory Burst Capability (HMB). This 1-bit field 
specifies whether a memory burst transaction occurs 
when the MMU is enabled and there is a 1 in bit 1 5 of the 
selected page descriptor register (0 = burst mode not 
supported, 1 = burst mode supported). 

Low Memory Burst Capability (LMB). This 1-bit field 
specifies whether a memory burst transaction occurs 
when the MMU is disabled or when the MMU is enabled 
and there is a zero in bit 15 of the selected page descrip- 
tor register (0 = burst mode not supported, 1 = burst 
mode supported). 

Cache Data Disable (D). While this bit is cleared to 0, 
data fetches are copied into the cache if the M/C bit = 
(cache mode). If M/C = 1 , the state of this bit is ignored. 

Cache Instructions Disable (I). While this bit is cleared to 
0, instruction fetches are copied into the cache when the 
M/C bit = (cache mode). When M/C = 1, the state of 
this bit is ignored. 

Memory/Cache (M/C). While this bit is set to 1 , the on- 
chip memory is to be accessed as physical memory; 
while it is cleared to 0, the memory is accessed 
associatively as a cache. 

If the on-chip memory is to be used as fixed memory 
locations, the user can programmably select the ranges 
of memory addresses for which the on-chip memory 
responds. 
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CLOCK OSCILLATOR 



The Z800 MPU has an on-chip clock oscillator/generator 
that can be connected to a crystal or any suitable clock 
source. The bus timing clock generated from the on-chip 



oscillator is output for use by the rest of the system. The 
frequency of the processor clock is one-half that of the 
fundamental frequency of the crystal. 
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REFRESH 



The Z800 MPU has an internal mechanism for refreshing 
dynamic memory. This mechanism can be activated by 
setting the Refresh Enable bit in the Refresh Rate 
register to 1. Memory refresh is performed periodically 
at a rate specified by the Refresh Rate register. Refresh 
transactions are identical to memory transactions ex- 
cept that different status signals are used and no data is 
transferred. They can be inserted immediately after the 
last clock cycle of any bus transaction, including an in- 
ternal operation. 

While the Refresh Enable bit is set to 1, the value of the 
6-bit Rate field in the Refresh Rate register determines 
the time between successive refreshes (the refresh 
period). When Rate = 0, the refresh period is 256 pro- 
cessor clock cycles; when Rate = n (n > 0) the refresh 
period is 4n. The Rate and Refresh Enable control bits 
are programmed via an I/O instruction. 

The refresh transaction is generated as soon as possible 
after the refresh period has elapsed (generally after the 
last clock cycle of the current bus transaction). If the 
CPU receives an interrupt request, the refresh operation 
is performed first. When the Z800 CPU does not have 
control of the bus or is in the wait state, internal circuitry 
records the number of refresh periods that have elapsed 
and refresh cycles cannot be generated. When the CPU 
regains control of the bus or the Wait input signal is 
deactivated and the bus transaction completes, the 
refresh mechanism immediately issues the skipped 
refresh cycles. The internal circuitry can record up to 
256 such skipped refresh operations. 



A 10-bit refresh address is generated for each refresh 
operation with the refresh address being incremented by 
two between refreshes for 16-bit bus versions, and by 
one for 8-bit bus versions. 

On reset, refresh is enabled, the rate is 32 processor 
clock cycles, and the refresh address is not affected. 

The Refresh mechanism is controlled by an 8-bit control 
register, described below. 

Refresh Rate Register. This 8-bit register (Figure 23) 
enables the refresh mechanism and specifies the fre- 
quency of refresh transactions. 
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Figure 23. Refresh Rate Register 



The fields in this register are: 

Refresh (Rate). This field indicates in processor clock 
cycles the rate at which refresh transactions are to be 
generated; a value of n in this field indicates a refresh 
period of 4n, with Rate = indicating 256 clock cycles. 

Refresh Enable (E). When this 1-bit field is set to 1, the 
refresh mechanism is enabled. 



UART 



The Z800 UART transmits and receives serial data using 
any common asynchronous data-communication pro- 
tocol. 

Transmission and reception can be performed in- 
dependently with five, six, seven, or eight bits per 
character, plus optional even or odd parity. The transmit- 
ter can supply one or two stop bits and can provide a 
break output at any time. Reception is protected from 
spikes by a "transient spike-rejection" mechanism that 
checks the signal one-half a bit time after a Low level is 
detected on the receiver data input; if the Low does not 
persist — as in the case of a transient — the character 
assembly process is not started. Framing errors and 
overruns are detected and buffered with the partial 
character on which they occur. Furthermore, a built-in 
checking process avoids interpreting a framing error as 
a new start bit: a framing error results in the addition of 
one-half a bit time to the point at which the search for the 
next start bit is begun. 

The UART uses the same clock frequency for both the 
transmitter and the receiver. The input for the UART 
clocking circuitry is derived from counter/timer 0, either 



from its external input line for an external clock or from 
the counter/timer output for a bit rate generated from the 
internal processor clock. The UART input clock is further 
scaled by 1 , 1 6, 32, or 64 for clocking the transmitter and 
receiver. 

Two of the DMA channels can be used independently to 
move characters between memory and the transmitter 
or receiver without CPU intervention. Both the transmit- 
ter and receiver can interrupt the CPU for processor 
assistance. 

The UART uses two external pins, Transmit and Receive. 
Data that is to be transmitted is placed serially on the 
Transmit pin and data that is to be received is read in 
from the Receive pin. 

Asynchronous Transmission 

The Transmitter Data Output line is held marking (High) 
when the transmitter has no data to send. Under pro- 
gram control, the Send Break command can be issued to 
hold the Data Output line Low (spacing) until the com- 
mand is cleared. 
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The UART automatically adds the start bit, the program- 
med parity bit (odd, even, or no parity), and the program- 
med number of stop bits to the data character to be 
transmitted. When the character is five, six, or seven 
bits, the unused most significant bits in the Transmitter 
Data register are automatically ignored by the UART. 

Serial data is shifted from the transmitter at a rate equal 
to 1 , 1 /1 6th, 1 /32nd or 1 /64th of the clock rate supplied to 
the transmitter clock input (as determined by the clock 
scale field in the UART Configuration register). Serial 
data is shifted out on the falling edge of the clock input. 

Asynchronous Reception 

An asynchronous receive operation begins when the 
Receive Enable bit in the Receiver Control/Status 
register is set to 1. A Low (spacing) condition on the 
Receive input line indicates a start bit. If this Low per- 
sists for at least one-half of a bit time, the start bit is 
assumed to be valid and the data input is then sampled 
at mid-bit time until the entire character is assembled. 
This method of detecting a start bit improves error rejec- 
tion when noise spikes exist on an otherwise marking 
line. If the x 1 clock mode is selected, bit synchroniza- 
tion must be accomplished externally; received data is 
sampled on the rising edge of the clock. 

A received character can be read from the 8-bit Receiver 
Data register. The receiver inserts 1s when a character 
length of other than eight bits is used. If parity is enabled, 
the parity bit is not stripped from the assembled 
character for character lengths other than eight bits. For 
lengths other than eight bits, the receiver assembles a 
character length of the required number of data bits, 
plus a parity bit and 1s for any unused bits. 

Since the receiver is buffered by one 8-bit register in ad- 
dition to the receiver shift register, the CPU has enough 
time to service an interrupt and to accept the data 
character assembled by the UART. The receiver also 
has a buffer that stores error flags for each data 
character in the receive buffer. These error flags are 
loaded at the same time as the data character. 

After a character is received, it is checked for the follow- 
ing error conditions: 

■ Parity Error: when the parity bit of the character 
does not match the programmed parity. 

■ Framing Error: if the character is assembled without 
any stop bits (i.e., a Low level is detected for a stop 
bit). 

■ Receiver Overrun Error: if the CPU fails to read a 
data character when more than one character has 
been received. 

The Parity Error, Framing Error, and Receiver Overrun 
Error cause an interrupt request if the interrupt request 
capability is enabled. Since the Parity Error and Receiver 
Overrun Error flags are latched, the error status that is 



read reflects an error in the current character in the 
Receiver Data register plus any Parity or Overrun Errors 
detected since the last write to the Receiver Con- 
trol/Status register. To keep correspondence between 
the state of the error buffers and the contents of the 
receiver data buffers, the Receiver Control/Status 
register must be read before the data. 

Polled Operation 

In a polled environment, the Receive Character 
Available bit in the Receiver Control/Status register must 
be monitored so the CPU can know when to read a 
character. This bit is automatically cleared when the 
Receiver Data register is read. To prevent overwriting 
data in polled operations, the transmitter buffer status 
must be checked before writing into the transmitter. The 
Transmit Buffer Empty bit in the Transmitter Con- M 
trol/Status register is set to 1 whenever the transmit buf- qq 
fer is empty. P 

UART Control and Status Registers gj 

The UART operation is controlled by three control and 2 
status registers. The UART configuration register 
specifies the character size and parity, the clock source 
and scaling and loop-back enable. Both the transmitter 
and the receiver have their own control/status register. 

UART Configuration Register. This 8-bit register 
(Figure 24) contains control information for both the 
transmitter and receiver. 
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Figure 24. UART Configuration Register 

The control fields for this register are: 

Loop Back Enable (LB). The UART is capable of local 
loopback. In this mode the internal transmit data line is 
tied to the internal receiver line and the external receiver 
input is ignored. If this bit is set to 1 , loop mode is en- 
abled. 

Clock Rate (CR). These two bits specify the multiplier 
between the clock and data rates (00 = data rate x 1 , 
01 = data rate x 16, 10 = data rate x 32, 11 = data 
rate x 64). The same rate is used for both the receiver 
and transmitter. If the x 1 clock rate is selected, bit syn- 
chronization must be accomplished externally. 

Clock Select (CS). This bit specifies the clock input for 
the UART. If the bit is set to 1 , the counter/timer output 
pulse is used for bit-rate generation; if the bit is cleared 
to 0, the input line to counter/timer provides the clock 
from an external source. 

Parity Even/Odd (E/O). If parity is specified, this bit deter- 
mines whether it is sent and checked as even or odd (1 
= even). 
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Parity (P). If this bit is set to 1 , an additional bit position 
(in addition to those specified in the bits/character con- 
trol field) is added to transmitted data and is expected in 
received data. In the Receiver, the parity bit received is 
transferred to the CPU as a part of the character, unless 
eight bits/character is selected. 

Bits/Character (B/C). Together, these two bits determine 
the number of bits to form a character. If these bits are 
changed during the time that a character is being 
assembled, the results are unpredictable (00 = 5 
bits/character, 01 = 6 bits/character, 10 = 7 bits/ 
character, 11=8 bits/character). 

Transmitter Control/Status Register. This 8-bit 
register (Figure 25) specifies the operation of the 
transmitter. 



Figure 25. Transmitter Control/Status Register 

The control bits for this register are: 

Transmitter Buffer Empty (BE). This bit is automatically 
set to 1 whenever the transmitter buffer becomes empty, 
and cleared to when a character is loaded into the 
transmit buffer. This bit is in the set condition after a 
reset. This bit is controlled by the UART control circuitry, 
it can be read by an I/O read but cannot be set to 1 or 
cleared to by an I/O write. 

Value (VAL). This bit determines the value of the bits 
transmitted while the FRC bit is 1 and dummy characters 
are loaded into the transmitter buffer. When this bit is 1, 
a mark character (all 1s) is sent; when this bit is 0, a 
break character (all 0s) is sent. 

Force Character (FRC). When this bit is set to 1 , any 
character loaded into the transmitter buffer causes the 
transmitter output to be held High or Low (as indicated 
by the VAL bit) for the length of time required to transmit 
a char)cter; the character itself is not sent until after the 
current character is transmitted. This allows a program 
to generate a marking signal or a break of multiple- 
character duration simply by setting this bit to 1, setting 
the VAL bit to 1 or 0, and loading the appropriate number 
of dummy characters into the transmitter buffer. 

Send Break (BRK). When set to 1 , this bit immediately 
forces the transmitter output to the spacing condition, 
regardless of any data being transmitted. When this bit is 
cleared to 0, the transmitter returns to marking. 

Stop Bits (SB). This bit determines the number of stop 
bits added to each asynchronous character sent. The 
receiver always checks for one stop bit. If this bit is set 
to 1, two stop bits are automatically appended to the 
character (and parity) sent; if this bit is cleared to 0, only 
one stop bit is appended. 



Transmitter Interrupt Enable (IE). When this bit is set to 
1, interrupt requests are generated whenever the 
transmitter buffer becomes empty; when this bit is 
cleared to 0, no requests are made. 

Transmitter Enable (EN). While this bit is cleared to 0, 
data is not transmitted and the transmitter output is held 
marking. Data characters in the process of being 
transmitted are completely sent if this bit is cleared to 
after transmission has started. 

Receiver Control/Status Register. This 8-bit register 
(Figure 26) specifies the operation of the receiver. The 
control bits are described below. 



7 

















| EN 


IE 





CA OVE 


PE 


FE 


errI 



Figure 26. Receiver Control/Status Register 

Receiver Error (ERR). This bit is the logical OR of the PE, 
OVE, and FE bits. 

Framing Error (FE). This bit is automatically set to 1 for 
the received character in which the framing error occur- 
red. Detection of a framing error adds an additional one- 
half of a bit time to the character time so the framing er- 
ror is not interpreted as a new start bit. The bit is latched, 
so once an error occurs it remains set until the bit is 
cleared by software writing to this register. 

Parity Error (PE). When parity is enabled, this bit is 
automatically set to 1 for those characters whose parity 
does not match the programmed sense (even/odd). This 
bit is latched, so once an error occurs, it remains set un- 
til it is cleared by software writing to this register. 

Receiver Overrun Error (OVE). This bit is automatically 
set to 1 to indicate that more than two characters have 
been received without a read from the CPU (or DMA). 
Only the most recently received character is flagged 
with this error, but when this character is read, the error 
condition is latched until cleared by software writing to 
this register. 

Receiver Character Available (CA). This bit is 
automatically set to 1 when at least one character is 
available in the receive buffer; it is automatically cleared 
to when the Receiver Data register is read. This bit is 
controlled by the UART control circuitry; it can be read 
by an I/O read but cannot be set or cleared by an I/O 
write. 

Receiver Interrupt Enable (IE). While this bit is set to 1, 
interrupt requests are generated whenever the receiver 
detects an error or the receiver has a character 
available. 

Receiver Enable (EN). When this bit is set to 1 , receiver 
operations begin. This bit should be set only after the 
parameters in the UART Configuration register are set. 
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UART Bootstrapping Option 

The Z800 CPU supports an automatic initialization of 
memory via the UART after a reset operation. This 
system bootstrapping capability permits ROMIess 
system configurations: the memory can be initialized by 
a serial link before the Z800 CPU fetches information 
from memory after the reset. 

On the rising edge of reset, the AD lines are sensed; if 
AD6 is being driven High, the Z800 CPU automatically 
enters a Halt state. The UART is also automatically ini- 
tialized to receive 8-bit character data with odd parity at 
a x 16 clock rate. An external clock source is assumed. 
A minimum of 15 processor clock cycles must elapse 
before the transmission can begin. 

During the bootstrapping operation, DMA Channel is 
used to transfer received characters into the memory. 
This channel is initialized as follows: 

Transfer Descriptor register— IE, EPS, and TC cleared, 
ST-byte transfer, BRP-continuous, TYPE-flowthrough, 
DAD-Auto-increment memory address 



DMA Master Control register— DOR and EOP set 

Count register— 0100 (256 bytes to be transferred) 

Destination Address register— 000000 (starting memory 
address = 0) 

Source Address register— undefined (not used when 
DMAO is linked to UART) 

Characters received are placed in memory starting at 
physical memory location zero. If an error occurs, the 
Z800 CPU drives the Transmitter Output line Low. Exter- 
nal circuitry monitoring this line can use this signal to 
cause the transmitting device to begin the initialization 
procedure again, star ting wit h a reset and AD6 asserted 
on the rising edge of RESET. 

After 256 bytes of data have been transferred, the Z800 
CPU automatically begins execution by fetching the first N 
instruction from memory location 0. 9 

3 



DMA CHANNELS 



The Z800 MPU has four on-chip Direct Memory Access 
(DMA) channels to provide high bandwidth data 
transmission capabilities. There are two types of DMA 
channels; two support flyby transactions and the other 
two do not. The two types of DMA channels otherwise 
have identical capabilities, although they have different 
priorities with respect to interrupt requests and bus re- 
quests. 

Each DMA channel is a powerful and versatile device for 
controlling and processing transfers of data. Its basic 
function of managing CPU-independent transfers be- 
tween two ports is augmented by an array of features re- 
quiring little or no external logic in systems using an 8- or 
16-bit data bus. 

Transfers can be performed between any two ports 
(source and destination), including memory-to-l/O, l/O-to- 
memory, memory-to-memory, and l/O-to-l/O. Except for 
flyby, two port addresses are automatically generated 
for each transaction and can be either fixed or incre- 
menting/decrementing. 

During a transfer, a DMA channel assumes control of 
the system address and data bus. Data is read from one 
addressable port and written to the other addressable 
port, byte-by-byte or word-by-word. The ports can be pro- 
grammed to be either system main memory or 
peripheral I/O devices. 

For both flyby and flowthrough DMA transactions, if the 
destination is a memory location that corresponds to an 
entry in the on-chip memory (either cache or fixed 
memory location), the on-chip memory is updated to 
reflect the new contents of the memory location. 



Except in flyby mode, two 24-bit addresses are 
generated by the DMA for every transfer operation, one 
address for the source port and another for the destina- 
tion port. Two readable address counters (three bytes 
each) keep the current address of each port. 

The DMA devices use the same memory and I/O timing 
as the CPU for bus transactions, as indicated by the ap- 
propriate bus timing register. 

Modes off Transfer Operation 

Each DMA can be programmed to operate in one of 
three transfer modes: 

■ Single Transaction. Data operations are performed 
one byte or word at a time. 

■ Burst. Data operations continue until a port's Ready 
line to the DMA goes inactive. 

■ Continuous. Data operations continue until the end 
of the programmed block of data is reached or if an 
end of process has been signaled before the system 
bus is released. 

In all modes, once a byte or word of data is read by the 
DMA channel, the operation is completed in an orderly 
fashion, regardless of the state of other signals (in- 
cluding a port's Ready line). 

Pin Descriptions 

Each DMA channel has a Ready input line. In addition, 
two DMA channels have a flyby output line to support 
high speed data transfers between I/O devices and 
memory. 
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The flyby output is asserted by the DMA channel to 
signal a peripheral device associated with the DMA 
channel that it should participate in the data transmis- 
sion during the current flyby bus transaction. 

The Ready line is sampled on the rising edge of each pro- 
cessor clock cycle. If Ready is active, the DMA channel 
requests control of the external system bus to perform 
the DMA transaction. When the external system bus is 
available for DMA transfers, the DMA channel with a re- 
quest pending and the highest priority assumes bus 
mastership. The priority of DMA channels from highest 
to lowest is: DMAO, DMA1, DMA2, and DMA3. A DMA 
channel in burst mode relinquishes bus mastership to a 
higher priority DMA channel only when its Ready line is 
deasserted (or EOP is signaled or terminal count is 
reached). A DMA channel in continuous mode relin- 
quishes bus mastership only when EOP is signaled or 
terminal count is reached. 

Priority of On-Chip DMA Channels and External 
Bus Requesters 

The on-chip DMA channels are arranged in a daisy chain 
with the external Bus Request input line being the "next 
lower bus requester" on this chain. The on-chip DMAs 
behave as if they were external bus requestors with 
respect to acquiring the bus, relinquishing the bus, and 
priority access to the bus. 

End-of-Process 

If the end-of-process (EOP) capability is enabled, 
transfers by DMA channels can be prematurely ter- 
minated by a Low on Interrupt A line during the transfer. 
This capability is programmed by a control bit in the 
DMA Master Control register. EOP occurs regardless of 
the setting of the Interrupt A Enable bit in the Master 
Status register. When an EOP is signaled, the EOP 
Signaled (EPS) bit in the Transaction Descriptor register 
of the active DMA channel is set to 1 and the Enable bit 
is cleared to 0. If interrupt requests are enabled (IE = 1 
in the Transaction Descriptor register), an interrupt re- 
quest is generated by the channel that was active when 
the EOP was signaled. After an EOP has been signaled, 
the DMA relinquishes the bus within 16 cycles of the last 
DMA bus transaction. 

If the End-Of-Process signal on Interrupt A line is still 
asserted when the CPU is bus master, the signal is inter- 
preted as an interrupt request; thus both the DMA chan- 
nel and the external EOP generating device can request 
interrupts simultaneously. Separate mask bits in the 
Master Status register enable the CPU to accept inter- 
rupts from these two sources. 

On a flowthrough transaction, if the EOP signal is re- 
ceived while the information is being read into the Z800 
MPU, the transfer is aborted and the data is not written 
out from the Z800 MPU. 



DMA Linking 

The DMA devices can be linked together to achieve 
DMA transfers to non-contiguous memory locations 
(linked operation). Bits in the DMA Master Control 
register allow DMA3 to be linked to DMA1 and DMA2 to 
be linked to DMAO, when DMAO and DMA1 have flyby 
capabilities. If the appropriate bit is set to 1 in the DMA 
Master Control register, the master DMA (0 or 1) signals 
its linked DMA each time its transfer is complete (count 
= 0). This acts as an internal ready input to the linked 
DMA that reloads the master DMA control registers. 

Words are loaded into the master DMA control registers 
in the following order: Destination Address register (two 
words), Source Address register (two words), Count (one 
word), Transfer Descriptor register (one word). After six 
words have been transferred, the master DMA de- 
asserts its internal ready line and begins the transfer of 
the next block of data. The linked DMA can be program- 
med to interrupt the CPU on "count equal 0" (to notify 
software that the last block is being transferred) or the 
master DMA can be programmed to interrupt the CPU on 
"count equals 0" when the last block move is program- 
med into the master DMA (to notify software that the en- 
tire sequence of transfers is completed). When linking is 
enabled, the external Ready line is not asserted by the 
master DMA when count equals zero; also, both master 
and linked DMAs generate interrupts whenever the pro- 
grammed condition arises. 

When programming linked DMAs, the last word to be 
programmed must be the master DMA's Transaction 
Descriptor register. Also, the linked DMA must be pro- 
grammed before the master DMA's status register is 
programmed. 

DMA Master Control Register. This 16-bit register 
(Figure 27) specifies the general configuration of the four 
on-chip DMA channels: the linking of the DMA channels, 
the software ready enables, edge detection enables for 
the Ready lines, and EOP enable. 



I I IeC3JeC2 EC1 ECol SR1 SR0 EOP D3L D2L D1T D0r| 

Figure 27. DMA Master Control Register 

The fields in this register are: 

DMAO to Receiver Link (DOR). When this bit is set to 1 , 
DMA channel is linked to the UART receiver. 

DMA 1 to Transmitter Link (D 1 T). When this bit is set to 1 , 
DMA channel 1 is linked to the UART transmitter. 

DMA2 Link (D2L). When this bit is set to 1 , DMA channel 
2 is linked to DMA channel 0. 
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DM A3 Link (D3L). When this bit is set to 1 , DMA channel 
3 is linked to DMA channel 1. 

End-of -Process (EOP). When this bit is set to 1, the INTa 
line is used as an end-of-process signal for the active 
DMA channel. 

Software Ready for DMAO (SRO). When this bit is set to 1 , 
DMA channel requests service if enabled. 

Software Ready forDMAI (SR1). When this bit is set to 1 , 
DMA channel 1 requests service if enabled. 

Enable Count n (EC n ). When bit EC n is set to 1 , edge 
detection circuitry is enabled on Ready line n. 

DMA Channel Control Registers 

Transaction Descriptor Registers. These four 16-bit 
registers, one for each channel, (Figure 28) describe the 
type of DMA transfer to be performed and contain con- 
trol and status information. 
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Figure 28. Transaction Descriptor Register 



The fields in this register are: 

End-of -Process Signaled (EPS). This bit is set to 1 
automatically when the channel is active and an end-of- 
process is signaled on the Interrupt A input line, thus 
prematurely terminating the transfer. 

Destination Address Descriptor (DAD). The setting of 
this 3-bit field indicates the type of location (memory or 
I/O) and how the address is to be manipulated (in- 
cremented, decremented or left unchanged), as shown 
in Table 4. 



Transaction Type (Type). This 2-bit field specifies flyby or 
flowthrough type of operation or count option (00 = 
flowthrough, 01 = count option, 10 = flyby write, 1 1 = 
flyby read). In flowthrough mode of operation, two bus 
transactions occur for each DMA operation—a read 
from the source followed by a write to the destination. In 
a flyby operation, only one bus transaction occurs for 
each DMA operation. In flyby write to memory, the flyby 
output pin is pulsed instead of an I/O transaction being 
performed and the contents of the Destination Address 
register are output to specify the memory location. In 
flyby read from memory, the flyby output pin is pulsed in- 
stead of an I/O transaction being performed and the con- 
tents of the Source Address register are output to 
specify the memory location. Only two DMAs have flyby 
capability. In the count option type of operation, the DMA 
acts as a counter and the BRP field governs the counting 
frequency; the "count each" option decrements the 
count register once for each High-to-Low transition on 
the Ready line while the DMA enable bit is set to 1; the 
gate option decrements the count register once for each 
eight internal processor clock cycles while the Ready 
line is Low and the DMA enable bit is set to 1. 

Bus Request Protocol (BRP). The setting of these two 
bits indicates the mode of DMA operation (Table 5); their 
interpretation depends on whether the channel is pro- 
grammed for DMA operations or with the count option. 

Table 5. Bus Request Protocol (BRP) 



Encoding DMA 



Counter/Timer 



Single Transaction 
Burst 

Continuous 
Reserved 



Count each 
Gated count 
Continuous gated count 
Reserved 



S 

3 

3 



Table 4. SAD and DAD Encodings 



Encoding 



Address Modification Operation 



Auto-increment memory location 

1 Auto-decrement memory location 

1 Memory address unmodified by transaction 

1 1 Reserved 

1 Auto-increment (by 1) I/O location 
1 1 Auto-decrement (by 1) I/O location 
110 I/O address unmodified by transaction 
1 1 1 Reserved 



Transfer Complete (TC). This bit is set to 1 automatically 
when the count register has reached zero. 



Size of Transfer (ST). This 2-bit field specifies the size of 
the entity to be transferred by the DMA channel (Table 
6). For word transfers to or from memory locations, the 
memory address must be even (least significant bit is 0). 
Long word (32-bit) transfers are supported only in flyby 
mode, with the cache disabled. 

Table 6. Size of Transaction (ST) 



Encoding 
ST1 ST0 



Size of 
Transfer 



Number to Increment/ 
Decrement By 









Byte 


1 





1 


16-bit word 


2 


1 





32-bit longword 


4 


1 


1 


Reserved 
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Interrupt Enable (IE). When this bit is set to 1 , the DMA 
generates an interrupt request at end of count or end of 
process. When this bit is 0, no interrupt request is 
generated. 

Source Address Descriptor (SAD). The setting of this 
3-bit field indicates the type of location (memory or I/O) 
and how the address is to be manipulated (incremented, 
decremented or left unchanged), as shown in Table 4. 

DMA Enable (EN). While this bit is 1 , the DMA transfer is 
enabled. 

Count Register. This 16-bit register is programmed to 
contain the number of DMA transfers to be performed. 
When the contents of the count register reach zero, fur- 
ther requests on the RDY input line are ignored. The 
DMA channel can be programmed to generate an inter- 
rupt when the count register reaches zero. 

Source Address Register and Destination Address 
Register. These 24-bit registers contain the 24-bit 
physical addresses to be used during the DMA transac- 
tion. They are not translated by the MMU. In flyby mode, 
only one of these registers is used to supply the address 



for the bus transaction as indicated in the Mode field in 
the Transfer Descriptor register. The format for these 
registers is shown in Figure 29. 
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Figure 29. Source and Destination Address 
Registers Format 

Flyby Transaction Timing 

The Transaction Type field in the Transaction Descriptor 
register indicates whether the transaction is a read or a 
write. For flyby read transactions, the Source Address 
Descriptor indicates the transaction is a read from 
memory; for write flyby transactions the Destination Ad- 
dress Descriptor indicates the transaction is a write to 
memory. Additional wait states can be automatically in- 
serted if programmed in the appropriate timing register. 



COUNTER/TIMERS 



The Z800 MPU's four counter/timers can be program- 
med by system software for a broad range of counting 
and timing applications. The four independently pro- 
grammable channels satisfy common microcomputer 
system requirements for event counting, interrupt and in- 
terval timing, and general clock generation. 

Three of the four counter/timers can have external input; 
the fourth can be used only in the timing mode. 

Programming the counter/timers is straightforward: 
each channel is programmed with four bytes. Once 
started, the channel counts down, and optionally reloads 
its time constant automatically and resumes counting. 
Software timing loops are completely eliminated. Inter- 
rupt processing is simplified because each channel uses 
a unique vector from the Interrupt/Trap Vector Table. 

Each channel is individually programmed with three 
registers: a configuration byte, a control byte, and a 
time-constant word. The configuration byte selects the 
operating mode (counter or timer), enables or disables 
the channel interrupt, and selects certain other 
operating parameters. In the timing mode, the CPU proc- 
essor clock is divided by four for input to the 
counter/timers. The time-constant word contains a value 
from to 65,535. 

During operation, the individual counter channel counts 
down from the present time-constant value. In counter 
mode operation, the counter decrements on each of the 
input pulses until the count/time output condition is met. 
Each decrement is synchronized by the scaled internal 
processor clock. For counts greater than 65,536, two of 



the counters can be programmably cascaded. When the 
count/time output condition is reached, the downcounter 
is automatically reset with the time constant value, if so 
programmed. 

The timer mode determines time intervals without addi- 
tional logic or software timing loops. Time intervals are 
generated by dividing the internal processor clock by 
four and decrementing a presettable downcounter. 
Thus, the time interval is an integral multiple of the proc- 
essor clock period, the prescaler value four, and the 
time constant that is preset in the downcounter. A timer 
is triggered by setting the software trigger control bit in 
the Control/Status register or by an external input. 

Three channels can generate an external output when 
the count/time output condition is met. The output is high 
when the internal presettable downcounter contains all 
zeros. 

Each channel can be programmed to generate an Inter- 
rupt Request, which occurs only if the channel has its In- 
terrupt Enable control bit set to 1 by software program- 
ming. When the Z800 CPU accepts the interrupt request 
it automatically vectors through the Interrupt Vector 
Table. 

The four channels of the Z800 MPU are fully prioritized 
and fit into four different slots in the Z800 internal 
peripheral daisy-chain interrupt structure. Channel has 
the highest priority and Channel 3 has the lowest. The 
channels have separate interrupt enables and the CPU's 
Master Status register has individual control bits that 
selectively inhibit interrupts from each channel. 
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Modes of Operation 

Three of the counter/timer channels have two basic 
modes of operation: as counters or as timers. As 
counters they monitor external input lines and record 
Low to High transitions on these lines. In the timer mode, 
the processor clock, scaled by four, is used instead of 
the external input line. The duration of this counting or 
timing can be either continuous from initial enabling (trig- 
ger operation) or only during intervals specified by 
signals on an input line (gate and gate/trigger operation). 
The count can be automatically restarted by program- 
ming the Retrigger Enable control bit in the 
counter/timer's Configuration register. Channel number 
2 has no external inputs, and thus operates only as a 
timer. 

Each of the four counter/timers has a software gate and 
trigger facility that extends the hardware capabilities of 
the counter/timers. 

Counting Operation. While the appropriate enabling 
conditions are met, the counter/timer monitors its input 
line for Low-to-High transitions. When such a transition 
occurs, the Count/Time register is decremented by 1. 

Timing Operation. While the appropriate enabling con- 
ditions are met, the counter/timer monitors the internal 
processor clock scaled by four for Low-to-High transi- 
tions. When such a transition occurs the Count/Time 
register is decremented by 1. 



Gate Operation. A counter/timer can be programmed to 
count or time only when a gating condition is met. While 
the counter/timer is enabled and the external gate 
capability is selected, an external input line is monitored; 
only while this line is High are the counting or timing 
operations performed. The software gate facility filters 
the state of the input line; while the software gate bit in 
the Command and Status register is cleared to 0, the 
gating condition is not met regardless of the signals on 
the gating line. The gate facility is illustrated in Figure 30. 

Trigger Operation. A counter/timer can be programmed 
to count or time only after a triggering condition occurs. 
While the counter/timer is enabled and the external trig- 
ger capability is programmed, an external input line is 
monitored; only after this line makes a Low-to-High tran- 
sition is a counting or timing operation performed. The 
software trigger facility causes the triggering condition 
to be met regardless of the activity of this line. The trig- 
ger operation is illustrated in Figure 31. 

Gate/Trigger Operation. One input line can be used for 
both the gating and the triggering functions. A Low-to- 
High transition on this line acts as a trigger and subse- 
quent High signals on this line function as gate signals. If 
non-retriggerable mode is programmed, subsequent 
Low-to-High transactions do not cause a trigger. 
Gate/Trigger Operation is shown in Figure 32. 
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Figure 30. Gate Facility 
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Figure 31. Trigger Operation 
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Figure 32. Gate/Trigger Operation 



The software gate and trigger mechanism can also be 
used in this mode of operation. A software gate before a 
trigger (hardware or software) has no effect on the 
counter/timer. After a hardware or software trigger, the 
software gate must be set to 1 for the Count/Time 
register to be decremented. A software trigger after a 
hardware or software trigger has no effect unless the 
Retrigger Enable control bit is set to 1. 

Counter/Timer Control and Status Registers 

Each counter/timer has two 8-bit control registers and 
two 16-bit count registers. The Configuration register 
and Command and Status register determine the 
counter/timers's operation, the Counter/Timer Com- 
mand/Status register provides information about the cur- 
rent operation, the Time Constant register contains the 
initialization value for the counter/timer, and the 
Count/Time register contains the current value of the 
count in progress. 

Counter/Timer Configuration Register. This 8-bit 
register (Figure 33) specifies the counter/timer's mode 
of operation: the pin configuration, whether an interrupt 
request is generated, and whether the countdown se- 
quence is automatically restarted when the count 
reaches zero or when a trigger occurs. 



[c/S RE I IE CTC*| IPA I 



*CTC Is present on counter/timers 
and 2 only. 

Figure 33. Counter/Timer Configuration Register 



The fields in this register are: 

Input Pin Assignments (IPA). This 4-bit field specifies the 
functionality of the input lines associated with the 
counter/timer and whether the counter/timer monitors 
an external input (counting operation) or uses the scaled 
internal processor clock (timing operation). The four bits 
in this field can be associated with enabling output 
generation (EO), selecting the external signal or internal 
clock (C/T), enabling the gating facility (G), and enabling 
the triggering facility (T). The selected options determine 
the functions associated with each input line associated 
with the counter/timer, as illustrated in Table 7. 

Counter/Timer Cascade (CTC). When this bit is set to 1, 
counter/timers and 1 and/or counter/timers 2 and 3 
form a 32-bit counter. When used as 32-bit counter/ 
timers, the control and status registers corresponding to 
counter/timers and 2 are not used, with the exception 



Table 7. Input Pin Functionality 
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of the CTC bits in the counter/timer configuration 
registers. The CTC bits in the counter/timer configuration 
registers of counter/timers 1 and 3 are never used. 

Interrupt Enable (IE). While this bit is set to 1 the 
counter/timer generates an interrupt request when the 
count/time output condition is met. While this bit is no 
interrupt request is generated. 

Retrigger Enable (RE). While this bit is set to 1, the time 
constant value is automatically loaded into the 
Count/Time register when a trigger input is received 
while the counter/timer is counting down. While this bit is 
0, no reloading occurs. 

Continuous/Single Cycle (C/S). While this bit is set to 1, 
the countdown sequence is automatically restarted 
when the count reaches zero by loading the time con- 
stant value into the Count/Time register. While this bit is 
0, no reloading occurs. 

Counter/timer channel 2 can be programmed as a 
counter. However, since it has no external inputs to 
count, this is not a useful mode of operation.. 

Counter/Timer Command/Status Register. This 8-bit 
register (Figure 34) provides software control over the 
operation of the counter/timer and reflects the current 
status of the counter/timer's operation. Control bits in 
this register enable the counter/timer's operation and 
provide software gate and trigger capabilities. Status 
bits indicate whether a count is in progress, the 
count/time output condition has been reached, or the 
condition has been reached a second time. 



o o cip cc 



|cor| 



Figure 34. Counter/Timer Command/Status Register 

The fields of this register are: 

Count Overrun (COR). When this bit is set to 1 the 
count/time output condition has been reached and the 
CC bit is set to 1, thus indicating a count overrun condi- 
tion. While this bit is cleared to 0, the count/time output 
condition has not been reached with the CC bit set since 
the time the CC bit was cleared by software. This bit can 
be read or written (set or cleared) by software I/O in- 
structions. 

Count/Time Output Condition has been Met (CC). When 
this bit is set to 1 the Count/Time register has been 
decremented to zero by the counter/timer control cir- 
cuitry in single cycle mode, or the Count/Time register 
has been reloaded in continuous mode. When this bit is 
cleared to the count has not reached the count/time 
output condition since the bit was cleared by software. 
This bit can be read or written (set or cleared) by soft- 
ware I/O instructions. 



Count in Progress (CIP). While this bit is set to 1 the 
counter/timer is operating and the Count/Time register is 
non-zero; while this bit is cleared to the counter/timer 
is not operating. This bit is controlled by the 
counter/timer control circuitry; it can be read by an I/O 
read but cannot be set or cleared by an I/O write instruc- 
tion. 

Software Trigger (TG). When this bit is set to 1 (and the 
trigger operation of the counter/timer is enabled), if the 
Enable bit is also set to 1, the trigger operation is en- 
abled on the rising edge of the first processor clock 
period following the setting of this bit from a previously 
cleared value. That is, if a hardware trigger has not 
already occurred, the contents of the Time Constant 
register are loaded into the Count/Time register and the 
countdown sequence begins. If a hardware trigger has 
already occurred, then if Retrigger Enable is set to 1 , the N 
counter/timer is retriggered; otherwise, setting this bit 82 
has no effect. Writing a 1 in this field when the previous q 
value was 1 has no effect on the operation of the gj 
counter/timer. When this bit is cleared to zero, this bit ig 
has no effect on the operation of the counter/timer. CS 

Software Gate (GT). When this bit is set to 1 (and the gate 
operation of the counter/timer is enabled), if the Enable 
bit is also set to 1 , operation begins on the rising edge of 
the first processor clock period following the setting of 
this bit from a previously cleared value. Writing a 1 in this 
field when the previous value was 1 has no effect on the 
operation of the counter/timer. When this bit is cleared to 
0, the countdown sequence is halted. 

Enable (EN). While this bit is set to 1 , the counter/timer is 
enabled; operation begins on the rising edge of the first 
processor clock period following the setting of this bit 
from a previously cleared value. Reset clears this bit. 
While this bit is cleared to 0, the value in the Time Con- 
stant register is constantly transferred to the Count/Time 
register. If the Time Constant register is all zeros, the 
output of the counter/timer is one. Thus, when the 
counter/timer is not enabled, the counter/timer output in 
conjunction with the Time Constant register can be used 
as an I/O port. Writing a 1 in this field when the previous 
value was 1 has no effect on the operation of the 
counter/timer. While this bit is 0, the counter/timer per- 
forms no operation during the next (and subsequent) 
processor clock periods. 

Time-Constant Register. This 16-bit register holds the 
value that is automatically loaded into the Count/Time 
register when the counter/timer is enabled, or in the con- 
tinuous or retrigger mode when the count reaches zero 
or the trigger is asserted, respectively. This register can 
be read or written by I/O instructions. 

Count/Time Register. This 16-bit register holds the cur- 
rent value of the count or timing in progress. It is auto- 
matically loaded from the Time-Constant register, and 
can be read by software using the I/O read instructions. 
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Pin Descriptions 

Counter/timers 0, 1 , and 3 have two external input lines 
associated with them. The I/O lines transfer signals be- 
tween the counter/timers and external devices. The in- 
put lines receive signals from external devices for the 



counter/timers. The interpretations of the signals on 
these lines is determined by the Input Pin Assignment 
field in the Configuration register. 



MULTIPROCESSOR MODE OF 
OPERATION 



Features 

■ Allows global memory areas for shared resources 

■ Global memory addresses are user-specified 

■ Separate requests for local and global buses 

■ Requesting mechanism is transparent to user 

■ Easily interfaces to external arbiters 

One mode of operation for the Z800 MPU is as an I/O 
Processor (IOP); while in this mode, the Z800 MPU also 
supports multiprocessor configurations. While operating 
as an IOP, the Z800 MPU is able to support both a local 
bus (of which the Z800 MPU is the default bus master) 
and a global bus (for which the Z800 MPU must request 
the bus and receive a bus grant signal before issuing a 
bus transaction.) 

To accomplish this functionality, two pins previously 
used for the counter/timer peripheral are dedicated to 
be global bus request and global bus grant lines; thus 
this feature is available only in the 64-pin devices. A 
register in the Z800 MPU bus interface unit is accessed 
for each bus transaction to determine whether the 
physical address must be accessed via the global or 
local bus. 

Architecture 

Pin Functionality. Two pins are used by the IOP for ob- 
taining the global bus: the Global Request line is used to 
request the global bus, one which the CPU does not con- 
trol by default (counter/timer input/output), and the 
Global Acknowledge line receives an acknowledge of a 
global bus request (counter/timer input). 

Local Address Register. The bus interface unit 
distinguishes whether a bus transaction uses the local or 
global bus by comparing the four most significant bits of 
the physical address of memory (address bits 20 through 
23) with a 4-bit Base field in the Local Address register 
(Figure 35). A mask field in this register specifies which 
bits are to be used. If all the corresponding address bits 
match the Base field bits (for those bit positions 
specified by the mask field), then the bus transaction can 
proceed on the local bus without requesting the global 
bus; if there is a mismatch in at least one specified bit 
position, then the global bus is be requested and the bus 
transaction does not proceed until the global bus 
acknowledge signal is asserted. 
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Figure 35. Local Address Register 

The bits in the Local Address register are: 

Base (B n ). When B n is 1, address bit A n must be 1 for a 
local bus transaction to be performed (unless Match 
Enable bit ME n is 0); when bit B n is 0, address bit A n must 
be for a local bus transaction to be performed. 

Match Enable (ME n ). When ME n is 1, address bit A n is 
compared to base bit B n to determine if the address re- 
quires the use of the global bus. When ME n is 0, then any 
values for A n and B n will produce a match. If each ME n is 
0, then all bus transactions are performed on the local 
bus. 

CPU Accesses on the Global Bus 



The control of the local bus uses BUSREQ and BUSACK 
in the same way as in the non-mult iprocessor mode of 
operation. The input signal BUSREQ is asyn chronous to 
the processor clock; the CPU synchronizes BUSREQ in- 
ternally. When t he CPU acknowledges a local bus re- 
quest by driving BUSACK active, then t he CPU places all 
other output signals, including GREQ, in 3-state. After 
reset the CPU acknowledges a request for the local bus 
before performing any transactions. 

When the CPU has not granted the local bus then it can 
request a global bus. A timing diagram for global bus re- 
quest is shown in Figure 36. First, on a rising edge of 
CLK, the CPU drives the addr ess an d status lines valid. 
AS is not asserted, however; GREQ serves the function 
of indicating that a valid address is on the local b us. On 
the next falling edg e of C LK the CPU drives GREQ active. 
The CPU samples GACKon each falling edg e of CLK un- 
til the arbiter drives GACK active and leaves BUSREQ in- 
active, indicating that t he addr essed global bus is 
available to the CPU. The BUSREQ line is used by the ar- 
biter to remove all of the devices that are simultaneously 
requesting the global bus, except the one device that is 
granted the global bus. The d evices that are not granted 
the gl obal b us make their GREQ inactive. The input 
signal GACK is asyn chrono us to the processor clock; the 
CPU synchronizes GACK internally. The CPU that was 
granted the bus performs one or more transactions on 
the global bus until the CPU no longer needs the global 
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bus or the CPU is prepared to ackno wledge a local bus 
request. The CPU then drives GREQ inactive and waits 
for the arbiter to drive GACK inactive. The CPU relin- 
quishes the global bus upon receipt of a local bus, DMA, 
or refresh request or after any transaction except for a 
test and set instruction (both data read and write are per- 
formed before relinquishing the bus) and for burst 
transfers (the entire sequence of data reads are made). 



DMA Accesses on the Global Bus 

Each on-chip DMA device can use the global bus to per- 
form data transfers. The address generated during each 
DMA initiated transfer is compared with the contents of 
the Local Address register to determine whether the 
global bus is requested; this operation is the same as for 
CPU-generated requests. 
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Figure 36. Multiprocessor Mode Timing 
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EXTERNAL INTERFACE (Z80-BUS) 

Features 

■ 8-bit data bus 

■ Multiplexed address/data lines 

■ Supports Z80 Family peripherals 

Pin Descriptions 

A. Address (output, active High, 3-state). These address 
lines carry I/O addresses and memory addresses during 
bus transactions. Of the 16 lines, only 11 are available 
on the 40-pin version. 

AD. Address/Data (bidirectional, active High, 3-state). 
These eight multiplexed Data and Address lines carry I/O 
addresses, memory addresses, and data during bus 
transactions. 

AS. Address Sfrobe (output, active Low, 3-state). The ris- 
ing edge of AS indicates the beginning of a transaction 
and shows that the address is valid. 



BUSACK. Bus Acknowledge (output, active Low). A Low 
on this line indicates that the CPU has relinquished con- 
trol of the bus in response to a bus request. 

BUSREQ. Bus Request (input, active Low). A Low on this 
line indicates that an external bus requester has ob- 
tained or is trying to obtain control of the bus. 

CLK. Clock Output (output). The frequency of the proc- 
essor timing clock is derived from the oscillator input 
(external oscillator) or crystal frequency (internal 
oscillator) by dividing the crystal or external oscillator in- 
put by two. This clock is further divided by one, two, or 
four (as programmed), and then output on this line. 



HALT. Halt (output, active Low, 3-state). This signal in- 
dicates that the CPU has executed a Halt instruction and 
is awaiting an interrupt before operation can resume. 

INT. Maskable Interrupts (input, active Low). A Low on 
one is available on the 40-pin version. 
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10 RQ. Input/Output Request (output, active Low, 
3-state). This signal indicates that AD0-AD7 and A16-A23 
of the address bus hol d a va lid I/O address for a I/O read 
or write operation. An IORQ signal is also generated with 
an M1 signal when an interrupt is being acknowledged, 
to indicate that an interrupt response vector can be 
placed on the data bus. Interrupt acknowledge opera- 
tions occur during M1 time and I/O operations never oc- 
cur during M1 time. 

Ml. Machine Cycle One (output, active Low, 3-state). 
This signal indicates that the current transaction is the 
opcode fetch cycle o f a RE TI instruction execution. M1 
also occurs with IORQ to indicate an interrupt 
acknowledge cycle. 



MREQ. Memory Request (output, active Low, 3-state). 
This signal indicates that the address bus holds a valid 
address for a memory read or write operation. 

NMI. Nonmaskable Interrupt (input, falling-edge ac- 
tivated). A High-to-Low transition on this line requests a 
nonmaskable interrupt. 

RD. Read (output, active Low, 3-state). This signal in- 
dicates that the CPU or DMA peripheral is reading data 
from memory or an I/O device. 



RESET. Reset (input, active Low). A Low on this line 
resets the CPU and on-chip peripherals. 



RFSH. Refresh (output, active Low, 3-state). This signal 
indicates that the lower ten bits of the Address bus con- 
tain a r efresh address for dynamic memories and the 
current MREQ signal should be used to perform a 
refresh read to all dynamic memories. 



WAIT. Wait (input, active Low). A Low on this line in- 
dicates that the responding device needs more time to 
complete a transaction. 

WR. Write (output, active Low, 3-state). This signal in- 
dicates that the bus holds valid data to be stored at the 
addressed memory or I/O location. 

XTALI. Clock/Crystal Input (time-base input). Connects 
a series-resonant crystal or an external single phase 
clock to the on-chip oscillator. 

XTALO. Crystal Output (time-base output). Connects a 
series-resonant crystal to the on-chip oscillator. 

+ 5 V. Power Supply Voltage. ( + 5 nominal). 

GND. Ground. Ground reference. 

The following lines are available only on the 64-pin ver- 
sion: 



DMASTB. DMA Flyby Strobe (output, active Low). These 
lines select peripheral devices for flyby transfers. 

CTIN. Counter/Timer Input (input, active High). These 
lines receive signals from external devices for the 
counter/timers. 



CTIO. Counter/Timer I/O (bidirectional, active High, 
3-state). These I/O lines transfer signals between the 
counter/timers and external devices. 

IE. Input Enable (output, active Low, 3-state). A Low on 
this line indicates that the direction of transfer on the Ad- 
dress/Data lines is toward the CPU. 

OE. Output Enable (output, active Low, 3-state). A Low 
on this line indicates that the direction of transfer on the 
Address/Data lines is away from the CPU. 

PAUSE. CPU Pause (input, active Low, Z8216 only). 
While this line is Low the CPU refrains from transferring 
data to or from on Extended Processing Unit in the 
system or from beginning the execution of an instruc- 
tion. 

RX. U ART Receive (input, active High). This line receives 
serial data at standard TTL levels. 

RDY. DMA Ready (input, active Low). These lines are 
monitored by the DMAs to determine when a peripheral 
device associated with a DMA port is ready for a read or 
write operation. When a DMA port is enabled to operate, 
its Ready line indirectly controls DMA activity; the man- 
ner in which DMA activity is controlled by the line varies 
with the operating mode (single-transaction, burst, or 
continuous). 

TX. UART Transmit (output, active High). This line 
transmits serial data at standard TTL levels. 

Bus Operations 

Two kinds of operations can occur on the system bus: 
transactions and requests. At any given time, one device 
(either the CPU or a bus requester) has control of the bus 
and is known as the bus master. A transaction is initiated 
by the bus master and is responded to by some other 
device on the bus. Only one transaction can proceed at a 
time; eight kinds of transactions can occur: 

DMA Flyby. This transaction is used by the DMA 
peripheral to transfer data between an external 
peripheral and memory. 

Halt This transaction is used to indicate that the CPU is 
executing a halt instruction. 

Internal Operation. This type of transaction does not 
transfer data; it indicates that the CPU is performing an 
operation that does not require data to be transferred on 
the bus. 

Interrupt Acknowledge. This transaction is used by the 
CPU to acknowledge an interrupt and to transfer addi- 
tional information from the interrupting device. 

I/O. This transaction is used by the CPU or DMA 
peripheral to transfer data to or from an external 
peripheral. 

Memory. This transaction is used by the CPU or DMA 

peripheral to transfer data to or from a memory location. 
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Refresh. This type of transaction performed by the 
refresh peripheral does not transfer data; it refreshes 
dynamic memory. 

RETI. This transaction is generated only by the CPU and 
is used in conjunction with the Z8400 peripheral's inter- 
rupt logic. 

Only the bus master can initiate transactions. A request, 
however, can be initiated by a component that does not 
have control of the bus. Two types of these requests can 
occur: 

Bus. This request is used by external devices to request 
control of the system bus to initiate transactions. 

Interrupt This request is used to request the attention of 
the CPU. 

When an interrupt or bus request is made, it is answered 
by the CPU according to its type. For an interrupt re- 
quest, the CPU initiates an interrupt acknowledge trans- 
action and for bus requests, the CPU enters bus discon- 
nect state, relinquishes the bus, and activates an 
Acknowledge signal. 

Finally, the Z800 MPU itself may not be the system bus 
master. See the multiprocessor mode section for a 
discussion of this capability. 

Transactions 

Information transfers (both instructions and data) to and 
from the Z800 MPU are accomplished throughjhe use of 
transactions. All transactions start when AS is being 
driven Low and then raised High. This signal can be used 
to latch Z800 MPU addresses to de-multiplex the Z800 
Address/Data lines required by Z80 Family peripherals. 
Coincident with AS assertion, the Output Enable line is 
also asserted. 

If the transaction^ requires an address, it is valid on the 
rising edge of AS. No address is required for Interrupt 
Acknowledge. 

The Read and Write lines are used to time the actual 
data transfer. (Refresh transactions do not transfer any 
data and thus do not activate RD.) For write operations, 
a Low on WR indicates that valid data from the bus 
master is on the AD lines. The Output Enable line is also 
activated wjth WR. For read operations, the bus master 
makes the AD lines 3-state before driving RD Low so that 
the addressed device can put its data on the bus. The 
bus master samplesjhis data on the falling clock edge 
just before raising RD High. The Input Enable line is also 
activated with RD. 

Wait. The Wait line is sampled on the falling clock edge 
when data is to be sampled (i.e. when RD or WR rises). If 
the Wait line is Low, another cycle is added to the trans- 
action before data is sampled (RD or WR rises). In this 
added cycle, and all subsequent cycles added due to 
WAIT being Low, the Wait line is sampled on the falling 



edge and, if it is Low, another cycle is added to the trans- 
action. In this way, the transaction can be extended by 
external devices to an arbitrary length to accommodate 
(for example) slow memories or I/O devices that are not 
yet ready for data transfer. 



The' WAIT input is synchronous, and must thus meet the 
specified setup and hold times in order for the Z800 MPU 
to functio n cor rectly. This requires asynchronously- 
generated WAIT signals to be synchronized to the CLK 
output before they are input into the Z800 MPU. 
Automatic wait states can also be generated by pro- 
gramming the Bus Timing and Control register and Bus 
Timing and Initialization register; t hese a re inserted in 
the transaction before an external WAIT signal is sam- 
pled. 

Memory Transactions. Memory transactions move in- 
structions or data to or from memory when the Z800 
MPU makes a memory access. Thus, they are generated 
during program execution to fetch instructions from 
memory and to fetch and store memory data. They are 
also generated to store old program status and fetch 
new program status during interrupt and trap handling, 
and are used by DMA peripherals to transfer informa- 
tion. A memory transaction is three bus cycles long 
unless extended with wait states, as explained pre- 
viously. 

During the first bus cycle, AS i s asser ted to indicate the 
beginning of a transaction. The MREQ signal goes active 
during the second half of this bus cycle, which indicates 
ajTiemory transaction. For a Read operation (Figure 37), 
RD is activated during the first half of the second bus cy- 
cle; Output Enable is deasserted at the beginning of the 
second cycle and Input Enable is asserted during the se- 
cond half of the second cycle. The CPU samples infor- 
mation from the memory on the Address/Data bus with 
the falling edge of the clock during the third b us cycle 
and this same edge is used to deassert MREQ, and IE. 
Thus the data has already been sampled before RD is 
deasserted. For a Write operation (Figure 38) the WR line 
is asserted during the second half of the second cycle. 

RETI Transactions. These transactions (Figure 39) are 
similar to two memory read transactions except that M1 
is asserted throughout each read transa ction, faljing ea_r- 
ly in the first bus cycle, and that MREQ, M1, RD and IE 
are deasserted on the rising edge of the clock following 
the third cycle. Each of the read transactions is followed 
by a minimum of three bus cycles of inactivity. These 
transactions are invoked when an RETI instruction is en- 
countered in the instruction stream; they are used during 
the re-fetching of the instruction from memory so that in- 
terrupt logic within Z80 peripherals that monitor the bus 
for this instruction will function correctly. 
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m = 18 for Z8108, 23 for Z8208. 



Figure 37. Memory Read Timing 
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Figure 38. Memory Write Timing 
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Figure 39. RETI Read Timing 
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Internal Operations and Halt Transactions. There are 
two kinds of bus transactions that do not transfer data: 
Internal Operations (Figure 40) and Halt (Figure 41 ). Both 
transactions look like a memory transaction, except that 
RD and WR remain High and no data is t ransfe rred. For 
the Internal Operation transaction, MREQ is not 
asserted. The Wait line is not sampled during either the 
Internal Operation or Halt transactions. 

Halt transactions are id entical to memory read transac- 
tions except that HALT is asserted throughout the trans- 
action, falling during the second half of the first bus 
cycle, and remains asserted until an interrupt is 
acknowledged. This transaction is invoked when a Halt 
instruction is encountered in the instruction stream or a 
fatal sequence of traps occ urs. A lthough the Halt trans- 
action is three cycles, the HALT line remains asserted 
until an Interrupt request is acknowledged or a Reset is 
received. Refresh (to maintain a minimum frequency of 
bus transactions) or DMA transfers may occur while 
HALT is asserted; also, the bus can be granted. The ad- 
dress put out during the address phase of this cycle is 
the address of the Halt instruction. 



I/O Transactions. I/O transactions move data to (Figure 
42) or from (Figure 43) peripherals and are generated 
during the execution of I/O instructions. 

I/O transactions are four clock cycles long at a 
minimum, and may be lengthened by the addition of wait 
cycles. The extra clock cycle allows for slower 
peripheral operation. 



The IORQ line indicates that an I/O transaction is taking 
place. The I/O address is found on ADq-AD 7 and A8-A23 
when AS rises. 

The IORQ line and either RD and if or WR with OE still 
asserted, are asserted during the second cycle. Output 
data to the peripheral is placed on the bus at this time; in- 
put data from the peripheral is read during the fourth 
cycle (unless additional wait states are inserted in the 
transaction). 
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Figure 40. Internal Operation Timing 
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Figure 41. Halt Timing 
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Figure 43. I/O Read Timing 



Interrupt Acknowledge Transactions. These transac- 
tions (Figure 44) acknowledge an interrupt or trap and 
read information from the device that generated the in- 
terrupt. The transactions are generated automatically by 
the hardware when an interrupt request is detected. 

The Interrupt Acknowledge transactions are five cycles 
long at a minimum, and have two automatic Wait cycles. 
The wait cycles are used to give the interrupt priority 
daisy chain (or other priority resolution device) time to 
settle before the identifier is read. Additional automatic 
wait states can be generated by programming the Bus 
Timing and Control register. 

The interrupt acknow ledge t ransaction is indicated by an 
M1 assertion withou t MRE Q during the first cycle. During 
this transaction the IORQ signal becomes active during 
the third cycle to indicate that the interrupting device 
can place an 8-bit vector on the bus. It is captur ed fro m 
the AD lines on the falling clock edge just before IORQ is 
raised High. 



There are two places where the WAIT line is sampled 
and, thus, where a wait cycle can be inserted by external 
circu itry. The first serves to delay the falling edge of 
IORQ to allow the daisy chain a longer time to settle, and 
the second serves to delay the point at which the vector 
is read. 

Refresh Transactions. A memory refresh transaction 
(Figure 45) is generated by the Z800 refresh mechanism 
and can occur immediately after the final clock cycle of 
any other transaction. The memory refresh counter's 
10-bit address is output o n AD0- AD9 during the normal 
time f or addresses. The RFSH line is activated with 
MREQ. This transaction can be used to generate 
refreshes for dynamic RAMs. 
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Figure 44. Maskable Interrupt Acknowledge Sequence 
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Figure 45. Refresh Timing 



Requests 

There are three kinds of request signals that the Z800 
MPU supports. These are: 

■ Interrupt requests, which another device initiates 
and the CPU accepts and acknowledges. 

■ Bus requests, which an external potential bus 
master initiates and the Z800 MPU accepts and 
acknowledges. 

■ Global bus requests, which the CPU or on-chip DMA 
initiates to acquire a global System bus. 

When a request is made, it is answered according to its 
type: for interrupt requests, an Interrupt Acknowledge 
transaction is initiated; for bus requests, an 
Acknowledge signal is sent; for global bus requests, an 
Acknowledge signal is received. 

Interrupt Requests. The Z800 CPU supports two types 
of interrupt, maskable and nonmaskable (NMI). The In- 
terrupt Request line of a device that is ca pable of 
generating an interrupt can be tied to the NMI or 
maskable interrupt request lines. Several devices can be 



connected to one pin with the devices arranged in a 
priority daisy chain. However, all Z80 family peripherals 
should be on the same line (or no nesting of interrupts 
among different lines. The CPU uses different protocols 
for handling requests on the NMI pin than the protocol 
used for maskable interrupt pins. The sequence of 
events shown below should be followed: 

Any High-to-Low transition on the NMI in put is asyn- 
chronously edge-detected, and the internal NMI latch is 
set. At the beginning of the last clock cycle in the last in- 
ternal processor clock cycle of any instruction, the inter- 
rupt jnputs are sampled along with the state" of the inter- 
nal NMI latch. 

If a maskable interrupt is requested and the Master 
Status register indicates that requests on that line are to 
be accepted, the next possible bus transaction is the In- 
terrupt Acknowledge transaction, which results in infor- 
mation from the highest-priority interrupting device be- 
ing read off the AD lines. This data is used to initiate the 
interrupt service routine. For a nonmaskable interrupt re- 
quest, the hexadecimal constant 0066 is used to initiate 
the interrupt service routine, except in mode 3. 
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Bus Requests. To generate transactions on the bus, a 
potential bus master (such as the DMA Controller) must 
gain control of the bus by m aking a b us request. A bus 
request is initiated by pulling BUSREQ Lo w, Severa l bus 
requesters may be wire ORed to the BUSREQ pin; 
priorities are resolved externally to the CPU, usually by a 
priority daisy chain. 



The asyn chronous BUSREQ signal generates a n interna l 
BUSREQ, which is synchronous. If the external BUSREQ 
is Lo w at the b eginning of any machine cycle, the inter- 
nal BUS REQ causes the Bus Acknowledge line 
(BUSACK) to be asserted after the current machine cy- 



cle is completed. (Exceptions are the TSET instruction 
where the read-modify-write cycle is atomic and DMA 
transfer in burst or continuous mode). The CPU then 
enters Bus Disconnect state and gives up control of the 
bus. All CPU Output pins, except BUSACK, are 3-stated. 



The CPU regains control of the bus after BUSREQ rises. 
Any device desiring control of the bus must wait at least 
two bus cycles after BUSREQ has risen before pulling it 
down again. 

The on-chip DMA channels have high er priority than ex- 
ternal devices requesting the bus via BUSREQ. 



EXTERNAL INTERFACE (Z-BUS) 

Features 

■ 16-bit data bus 

■ Multiplexed address/data lines 

■ Supports high-speed burst mode transfers 

■ Provides EPA interface 

Pin Descriptions 

A. Address (output, active High, 3-state). These address 
lines carry I/O addresses and memory addresses during 
bus transactions. Of the eight lines, only three are 
available on the 40-pin version. 

AD. Address/Data (bidirectional, active High, 3-State). 
These 16 multiplexed address and data lines carry I/O 
addresses, memory addresses, and data during bus 
transactions. 

AS. Address Strobe (output, active Low, 3-state). The ris- 
ing edge of Address Strobe indicates the beginning of a 
transaction and shows that the address, status, R/W and 
B/W signals are valid. 



BUSACK. Bus Acknowledge (output, active Low). A Low 
on this line indicates that the CPU has relinquished con- 
trol of the bus in response to a bus request. 



BUSREQ. Bus Request (input, active Low). A Low on this 
line indicates that an external bus requester has ob- 
tained or is trying to obtain control of the bus. 

B/W. Byte/Word (output, Low = Word, 3-state). This 
signal indicates whether a byte or a word of data is to be 
transmitted during a transaction. 

CLK. Clock Output (output). The frequency of the proc- 
essor timing clock is derived from the oscillator input 
(external oscillator) or crystal frequency (internal 
oscillator) by dividing the crystal or external oscillator in- 
put by two. This clock is further divided by one, two or 
four (as programmed), and then output on this line. 

DS. Data Strobe (output, active Low, 3-state). This signal 
provides timing for data movement to or from the bus 
master. 



INT. Maskable Interrupts (input, active Low). A Low on 
these lines requests an interrupt. Of the three lines, only 
one is available on the 40-pin version. 

NMI. Nonmaskable Interrupt (input, falling-edge ac- 
tivated). A High-to Low transition on this line requests a 
Nonmaskable Interrupt. 



RESET. Reset (input, active Low). A Low on this line 
resets the CPU. 

R/W. Read/Write (output, Low = Write, 3-state). This 
signal determines the direction of data transfer for 
memory, I/O, or EPU transfer transactions. 

ST. Status (output, active High, 3-state). These four lines 
indicate the type of transaction occuring on the bus and 
give additional information about the transaction. 



WAiT. Wait (input, active Low). A Low on this line in- 
dicates that the responding device needs more time to 
complete a transaction. 

XTALI. Clock/Crystal Input (time-base input). Connects 
a series-resonant crystal or an external single-phase 
clock to the on-chip clock oscillator. 

XTALO. Crystal Output (time-base output). Connects a 
series-resonant crystal to the on-chip clock oscillator. 

+ 5 V. Power Supply Voltage. ( + 5 nominal). 

GND. Ground. Ground reference. 

The following lines are available on the 64-pin device 
version only: 



DMASTB. DMA Flyby Strobe (output, active Low). These 
lines select peripheral devices for DMA flyby transfers. 

CTIN. Counter/Timer Input (input, active High). These 
lines receive signals from external devices for the 
counter-timers. 

CTIO. Counter/Timer I/O (bidirectional, active High, 
3-state). These I/O lines transfer signals between the 
counter/timers and external devices. 
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IE. Input Enable (output, active Low, 3-state). A Low on 
this line indicates that the direction of transfer on the Ad- 
dress/Data lines is toward the CPU. 

OE. Output Enable (output, active Low, 3-state). A Low 
on this line indicates that the direction of transfer on the 
Address/Data lines is away from the MPU. 



PAUSE. CPU Pause (input, active Low, Z8216 only). 
While this line is Low the CPU refrains from transferring 
data to or from an Extended Processing Unit in the 
system or from beginning the execution of an instruc- 
tion. 

RX. U ART Receive (input, active High). This line receives 
serial data at standard TTL levels. 

RDY. DMA Ready (input, active Low). These lines are 
monitored by the DMA channels to determine when a 
peripheral device associated with a DMA channel is 
ready for a read or write operation. When a DMA chan- 
nel is enabled to operate, its Ready line indirectly con- 
trols DMA activity; the manner in which DMA activity is 
controlled by the line varies with the operating mode 
(single-transaction, burst or continuous). 

TX. UART Transmit (output, active High). This line 
transmits serial data at standard TTL levels. 

Bus Operations 

Two kinds of operations can occur on the system bus: 
transactions and request. At any given time, one device 
(either the CPU or a bus requester) has control of the bus 
and is known as the bus master. A transaction is initiated 
by the bus master and is responded to by some other 
device on the bus. Only one transaction can proceed at a 
time; nine kinds of transactions can occur: 

Burst Memory. These transactions are used to transfer 
four words of instructions from the memory to the CPU. 

DMA Flyby. This transaction is used by the DMA 
peripheral to transfer data between an external 
peripheral and memory. 

EPU Transfer. This transaction is used to transfer data 
between the CPU and an EPU. 

Halt. This transaction is used to indicate that the CPU is 
executing the Halt instruction. 

Internal Operation. These transactions do not transfer 
data. 

Interrupt Acknowledge. This transaction is used by the 
CPU to acknowledge an external interrupt request and to 
transfer additional information from the interrupting 
device. 

I/O. This transaction is used by the bus master to 
transfer data to or from an external peripheral. 

Memory. This transaction is used by the bus master to 
transfer data to or from a memory location. 

Refresh. These transactions by the refresh mechanism 
do not transfer data; they refresh dynamic memory. 



Only the bus master can initiate transactions. A request, 
however, can be initiated by a device that does not have 
control of the bus. Two types of requests can occur: 

Bus. This request is used to request control of the bus to 
initiate transactions. 

Interrupt. This request is used to request the servicing by 
the CPU. 

When an interrupt or bus request is made, it is answered 
according to its type: for an externally generated inter- 
rupt request, an Interrupt Acknowledge transaction is in- 
itiated by the CPU; for bus requests, the MPU enters Bus 
Disconnect state, relinquishes the bus, and activates an 
acknowledge signal. 

Transactions 

Data transfers to and from the Z800 MPU are ac- 
complished through the use of transactions. 

All transactions start with Address Strobe (AS) being 
driven Low and then raised High by the Z800 MPU. On 
the rising edge of AS, the Status lines ST0-ST3 are valid; 
these lines indicate the type of transaction being in- 
itiated (Table 8); seven types of transactions are discuss- 
ed in the sections that follow. Associated with the status 
lines are twoother lines that become valid at this time: 
R/W, and B/W. 



Code 



Table 8. Status Table 



Meaning 



0000 Internal operation 

0001 Refresh 

0010 I/O transaction 

0011 Halt 

0100 Interrupt acknowledge line A 

0101 Interrupt acknowledge (nonmaskable) 

01 10 Interrupt acknowledge line B 

01 1 1 Interrupt acknowledge line C 

1000 Memory Reference (cachable) 

1001 Memory Reference (non-cachable) 

1010 Memory-EPU transfer 

1011 Reserved 

1100 EPU Instruction fetch 

1 101 EPU Instruction fetch (first word) 

1110 EPU-CPU transfer 

1111 Test and Set (data transfers) 



If the transaction requires an address, it is valid on the 
rising edge of AS. No address is required for EPU-CPU 
transfer and Internal Operation transactions; the con- 
tents of the A and AD lines while AS is asserted are 
undefined. If an address is generated, the OE signal is 
also activated. 
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The Z-BUS MPUs use Data Strobe (DS) to time the actual 
data transfer. (Note that Refresh, Halt, and Internal 
Operation transactions do not transfer any data and thus 
do not activate DS.) For write operations (R/W = Low), a 
Low on DS indicates that valid data from the bus master 
is on the AD lines. The Output Enable continues to be 
asserted until DS is deasserted. For read operations 
(R/W = High), the bus master makes AD_Lines 3-state, 
deasserts OE and asserts IE after driving DS Low so that 
the addressed device can put its data on the bus. The 
bus master samplesjhis data on the falling clock edge 
just before raising DS and IE High. 

Walt. The Wait line is sampled on the falling clock edge 
when data is sampled by the Z800 MPU (Read), or the 
falling clock edge before DS rises (Read or Write). If 
WAIT is Low, another cyclejs added to the transaction 
before data is sampled or DS rises. In thi s adde d cycle, 
and a ll subsequent cycles added when WAIT is Low, 
WAIT is again sampled on the falling clock edge and, if it 
is Low, another cycle is added to the transaction. In this 
way, the transaction can be extended to an arbitrary 
length by external circuitry to accommodate (for exam- 
ple) slow memories or I/O devices that are not yet ready 
for data transfer. Automatic insertions of wait states by 
the CPU or on-chip DMA channels can be programmed 
by setting fields in the Bus Timing and Control register 
and Bus Timing and Initialization register to indicate the 
number to be inserted. 

Memory Transactions. Memory transactions move 
data to or from memory when a bus master makes a 
memory access. Thus, they are generated during pro- 
gram execution to fetch instructions from memory and 
to fetch and store memory data. They are also generated 
to store old program status and fetch new program 
status during interrupt and trap handling and after reset. 



A memory tr ansact ion is three bus cycles long unless ex- 
tended when WAIT is asserted, as explained above in the 
Wait section. The status pins, besides indicating a 
memory transaction, give the following information: 

■ Whether the memory access is cacheable (1000) or 
noncacheable (1001) information. 

■ Whether the data for the access is supplied (written) 
or captured (read) by an Extended Processing Unit 
(1010). 

■ Whether the information being fetched from memory 
is an EPA template (1100, 1101). 

■ Whether the memory access is part of the read- 
modify-write operation (Test and Set) (1111). 

Bytes transferred to or from odd memory (address bit 
is 1) locations are always transmitted on lines AD0-AD7 
(bit on ADo). Bytes transferred to or from even memory 
locations (address bit = 0) are always transmitted on 
lines AD 8 -AD 15 (bit on AD 8 ). For byte reads (B/W High, 
R/W High), the CPU or on-chip DMA channel uses only 
the byte whose address it put out on the bus. For byte 
writes (B/W High, R/W Low), the memory should store 
only the byte whose address was output. During byte 
memory writes, the CPU (or on-chip DMA channel in non- 
Flyby transactions) places the same byte on both halves 
of the bus, and the proper byte_must be selected by 
testing Ao. For word transfers, (R/W = Low), all 16bits 
are captured by the CPU or DMA channel_(Read: R/W = 
High) or stored by the memory (Write: R/W = Low). For 
these transactions (either memory or I/O) the bytes of 
data appear swapped on the bus with the most signifi- 
cant byte on AD7-AD0 and the least significant byte on 
AD 15 -AD 8 . 

Memory transaction timings are shown in Figures 46-50. 
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Figure 50. Memory Read Timing with Internal Wait Cycle 



Burst Memory Transactions. Burst memory transac- 
tions use multiple Data Strobes associated with a single 
Address Strobe. The CPU uses burst transactions to 
read four consecutive words in four data transactions. 
The address of the first word read during a burst transac- 
tion has zeros in the three least significant bits. Control 
bits in the Cache Control register indicate whether or not 
portions of the memory system can support burst trans- 
actions. 

The CPU uses burst mode reads only for fetching in- 
structions. If an instruction is to be fetched from a loca- 
tion within a half of physical memory that supports burst 
transactions, the CPU reads the eight bytes that contain 
the first byte of the instruction. (EPA template fetches 
and the RETI instruction do not use the burst 
transaction.) 

Timing for the first data transfer during a burst transac- 
tion is identical to that for a single memory read, in- 
cluding the automatic insertion of wait states, except 
there are four T3 states. Subsequent data transfers do 
not includ e auto matic wait states. On the first data 
transfer, if WAIT is sampled active then it is sampled 
again every bus clock cycle until it is inactive, at which 
time the data is read from the bus. Burst memory read 
timing is shown in Figure 51. 



Internal Operation and Halt Transactions. Two types 
of bus transactions made by the CPU do not transfer 
data: Internal Operations and Halt transactions. These 
transactions look like a memory transaction, except that 
DS remains High and no data is transferred. 

For the Internal Operation transaction (Figure 52), the 
Addressjines contain arbitrary data when AS goes High. 
The R/W line indicates Read (High) and the Status lines 
indicate Internal Operation (0000). 

A Halt transaction (Figure 53) is generated when the 
CPU executes a Halt instruction or when a fatal se- 
quence of traps and bus errors occurs. The address 
placed on the AD lines is the location of the Halt instruc- 
tion or the instruction that initiated the fatal sequence of 
traps and errors. The Status lines indicate a Halt trans- 
action (0011). 



WAIT is not sampled during the Internal Operation or 
Halt transaction. 
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Figure 53. Halt Timing 



I/O Transactions. I/O transactions (Figures 54 and 55) 
move data to or from peripherals and are generated dur- 
ing the execution of I/O instructions. I/O transactions to 
on-chip peripheral devices do not generate external bus 
transactions. 

I/O transactions are four bus cycles long at a minimum, 
and they can be lengthened by the addition of wait 
cycles either automatically generated as indicated in the 
Bus Timing and Control register or generated by an ex- 
ternal device. The extra clock cycles allow for slower 
peripheral operation. 

The status lines indicate that the access is an I/O trans- 
action (0010). The I/O address is found on AD -ADi 5 and 
Ai6-A 23 . 

Byte data (B/W = High) is transmitted on AD -AD 7 . This 
allows peripheral devices to attach to only eight of the 
AD lines. The Read/Write line (R/W) indicates the direc^ 
tion of the data transfer: peripheral-to-CPU (Read: R/W 
= High) or CPU-to-peripheral (Write: R/W = Low). 



Interrupt Acknowledge Transactions. These transac- 
tions (Figure 56) acknowledge an interrupt and read an 
identifier from the device that generated the interrupt. In- 
terrupt Acknowledge transactions are generated 
automatically by the hardware when an interrupt is 
detected. 

These transactions are five cycles long at a minimum, 
with at least two automatic wait cycles, although others 
can be added by programming the Bus Timing and Con- 
trol register. The wait cycles are used to give the inter- 
rupt priority daisy chain (or other priority resolution 
device) time to settle before the identifier is read. 
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Figure 54. I/O Write Timing 
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Figure 55. I/O Read Timing 
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Figure 56. Interrupt Acknowledge Timing 







The Status lines identify the type of interrupt that is being 
acknowledged. The possibilities are nonmaskable inter- 
rupt (0101) and the three external interrupt 
acknowledges (0100, 0101 and 0111). No address is 
generated; the contents of the bus are undefined when 
ASjises. The R/W line indicates Read (High), and the 
B/W line indicates Word (Low). 

The only item of data transferred is the identifier that is 
capturedjrom the AD lines on the falling clock edgejust 
before DS is raised High. The length of time that DS is 
asserted is identical with I/O timing programmed in the 
Bus Timing and Control register. 



can come immediately after the final clock cycle of any 
other transaction. The memory refresh counter's 10-bit 
address is output on the low order 10 bits of the bus dur- 
ing the first cycle of the transaction. The contents of the 
rest of the bus are undefined. The Status lines indicate 
Refresh (0001). This transaction can be used to generate 
refreshes for dynamic RAMs. Refreshes may occur 
while the CPU is in the Halt or Fatal state. 

CPU-Extended Processing Unit Interaction 



There are two places where WAIT is sampled and thus a 
wait cycle can be inserted by external devices. The first 
place serves to delay the falling edge of DS to allow the 
daisy chain a longer time to settle, and the second place 
serves to delay the point at which data is read. 

Refresh Transactions. A memory Refresh transaction 
(Figure 57) is generated by the refresh mechanism and 



The Z800 CPU with a Z-BUS interface and PAUSE input 
line (i.e., the Z8216) and one or more Extended Process- 
ing Units (EPUs) work together like a single CPU compo- 
nent, with the CPU providing address, status, and timing 
signals and the EPU supplying and capturing data. The 
EPU monitors the status and timing signals output by the 
CPU so that it knows when to participate in a memory 
transaction; for EPU to memory transfers, the CPU puts 
its AD lines in 3-state while DS is Low, so that the EPU 
can use them. 
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*10 least-significant bits are Refresh address. 
**Z8216only. 
m ■ 18 for Z8116, 23 for Z8216. 
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Figure 57. Memory Refresh Timing 



In order to know which transaction it is to participate in, 
the EPU must track the following sequence of events: 

■ When the CPU fetches the first word of an EPA in- 
struction template from memory (ST3-ST0 = 1101), 
the EPU must also capture the instruction returned 
by the memory. The template has an ID field that in- 
dicates whether or not the EPU is to execute the in- 
struction. Because there is no alignment restriction 
on EPA templates, the ID field can not be in the first 
word fetched. 

■ The next non-refresh transaction by the CPU is the 
fetching the second word of the instruction (ST3-ST0 
= 1100). The EPU must also capture this word. If 
the template is not aligned, a third fetch is made 
(ST3-ST0 = 1100). 

■ If the instruction involves a read or write to memory, 
then transfers of data between memory and the EPU 
(ST3-ST0 = 1010) are the next non-refresh transac- 
tions performed byjhe CPU. The EPU must supply 
the datajWrite: R/W = Low) or capture the data 
(Read: R/W = High) for each transaction, just as if it 
were part of the CPU. In both cases, the CPU 
3-states its AD lines while data is being transferred 
(DS Low). 



■ If the instruction involves a transfer from the EPU to 
the Z800 MPU, the next non-refresh transaction is 
the CPU transferring data between the EPU and CPU 
(ST3-ST0 = 1110). 

In order to follow this sequence, an EPU has to monitor 
the status lines to verify that the transaction it is monitor- 
ing on the bus was generated by the CPU. In a multiple 
EPU system, there is no indication on the bus as to 
which EPU is cooperating with the CPU at any given 
time. This must be determined by the EPUs from the EPA 
templates they capture. 

When an EPU begins to execute an extended instruction, 
the CPU can continue fetching and executing instruc- 
tions. If the EPU wishes to halt the CPU from executing 
another in structio n or bus transaction, the EPU must ac- 
tivate the PAUSE line to stop the CPU until the EPU is 
ready for subsequent CPU activity. This mechanism is 
used to synchronize CPU-EPU activity. 

EPU Transfer Transactions. These transactions 
(Figures 58-60) move data between the CPU and an EPU, 
thus allowing the CPU to transfer data to or from an EPU 
or to read or write an EPU's status registers. They are 
generated during the execution of the EPA instruction. 
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EPU-to-Memory transfers are five cycles unless extend- 
ed by Wait. Memor y to E PU transfers are three cycles 
unless extended by WAIT. 

EPU-CPU transfer transactions have the same form as 
I/O transactions an d thus are four clock cycles long, 
unless extended by WAIT. Although AS is asserted, no 
address is generated and the contents of the bus are 
undefined; only one status code is used (1110). 

In a multiple EPU system, the EPU that is to participate 
in a transaction is selected implicitly by the ID code in 
the EPU template^ rather than by an address. The 
Read/Write line (R/W = High) indicates the direction of 
the data transfer into the CPU. 

Requests 

The Z800 MPU supports three types of request signal. 
These are: 

■ Interrupt requests, which another device initiates 
and the CPU accepts and acknowledges. 

■ Bus requests, which an external potential bus 
master initiates and the CPU accepts and 
acknowledges. 

■ Global bus requests, which the CPU or on-chip DMA 
initiates to acquire a global system bus. 



When a request is made, it is answered according to its 
type: for interrupt requests, an Interrupt Acknowledge 
transaction is initiated by the CPU; for bus requests, an 
acknowledge signal is sent; for global bus request, an 
acknowledge signal is received. 

Interrupt Requests. The Z800 MPU supports two type s 
of external interrupt, maskable and nonmaskable (NMI). 
The Interrupt Request line of a device that is capable of 
generating an interrupt may be tied to any of the inter- 
rupt pins. Several devices can be connected to one pin, 
with the devices arranged in a priority daisy chain. The 
CPU uses the same protocol for handling requests on 
these pins. The sequence of events is given below: 

Any High-to-Low transition on the NMl input is asyn- 
chronously edge-detected, and the internal NMI latch is 
set. At the beginning of the last processor clock cycle of 
any instruction, the interrupt inpu ts are sampled along 
with the state of the internal NMI latch. 

If a maskable interrupt is requested and the Master 
Status register indicates that requests on that line are to 
be accepted, or if the NMI latch is set, the next possible 
bus transaction is an interrupt acknowledge transaction 
that results in an identifier from the highest-priority inter- 
rupting device being read off the AD lines. This data is 
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*Z8216 only, 
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Figure 58. EPU to CPU Timing 
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used to initiate the interrupt service routine. For a non- 
maskable interrupt request in interrupt mode 0, 1 , or 2, 
an interrupt acknowledge transaction is not generated; 
the hexidecimal constant 0066 is used to initiate the in- 
terrupt service routine. 

Bus Requests. To generate transactions on the bus, a 
potential external bus master (such as a DMA Controller) 
must gain control of the bus by m aking a b us request. A 
bus request is initiated by pulling BUSREQ Low. Sev eral 
bus requesters can be wire ORed to the BUSREQ pin; 
priorities are resolved externally to the CPU, usually by a 
priority daisy chain. 



The asyn chronous BUSREQ signal generates a n internal 
BUSREQ, which is synchronous. If the external BUSREQ 
is Low a t the begin ning of any processor clock cycle, the 
i nternal B USREQ will cause the bus acknowledge line 
(BUSACK) to be asserted after the current bus transac- 
tion is completed or after the write transaction of a TSET 
instruction. The CPU then enters Bus Disconnect state 
and gives up c ontrol of the bus. All Z800 Output pins ex- 
cept BUSACK are 3-stated. 

The on-chip DMA channels have higher priority than the 
off-chip devices requesting the external bus via 
BUSREQ. 

RESET 

A hardware reset puts the Z800 MPU into a known state 
and optionally initializes the Bus Timing and Initialization 
control register of the Z800 MPU to a system specifiable 
value. A re set beg ins at the end of any processor clock 
cycle if the RESET line is Low. However, if a bus transac- 
tion is in progress it is allowed to be completed. A 
system reset overrides all other operations of the chip, 
including interrupts, traps and bus requests. A reset 
should be used to initialize a system as part of the power- 
up sequence. 



Within 128 processor clock cycles of the RESET line 
becoming Low, the Z800 lines assume their reset values. 
For either bus, the AD lines are 3-stated , and all control 
outputs are forced High. While RESET is asserted, the 
clock output is the processor clock frequency scaled by 
four. RESET must be held low at least 128 processor 
clock cycles. 

The Reset line is sampled on the rising edge of the clock 
output during reset. When the Reset line is sampled High 



(de-as serted), the state of the Wait line is also noted: if 
WAIT is asserted, then the contents of the AD lines on 
the falling edge of the clock are used to program the con- 
tent of the Bus Timing and Initialization register, other- 
wise the constant 00 hexadecimal is used. If the hard- 
ware programming option is used, ADe is used to enable 
the bootstrap via UART option. 

After reset, the following control registers are initialized 
as follows: 

■ Program Counter, System Stack Pointer, I, and R 
registers initialized to 

■ Master Status register—initialized to 0, e.g., system 
mode of operation; single-step mode, Breakpoint-on- 
Halt and all maskable interrupts disabled 

■ I/O Page register— I/O page in use 

■ Stack Limit register cleared 

■ Refresh register — initialized to 88, e.g., refresh 
enabled, rate = 32 clock cycles 

■ Cache Control register — initialized to 00, e.g. cache 
enabled for program only (associative rather than 
fixed location); also, all lines invalid 

■ Memory Management Unit Master Control 
register — initialized to 0, e.g., translation disabled 

■ Trap Control register— initialized to 0, e.g., Stack 
Warning disabled, EPA disabled, I/O not privileged 

■ All peripheral control registers— peripheral disabled 
(but see UART bootstrap option) 

■ Interrupt Status register— Interrupt Mode 
The following registers are unaffected: 

■ CPU register file, including user Stack Pointer 

■ Page Descriptor registers 

■ Interrupt/Trap Vector Table Pointer register 



On the rising edge of RESET, if Bus Request is asserted 
the Z800 MPU will grant the bus before fetching the first 
instruction from location 0. 



After RESET has returned to High, the CPU begins to 
operate unless the Bootstrap UART feature is utilized. 
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PIN ASSIGNMENTS 



The pin assignments of four versions of the Z800 MPU, 
the Z8108, Z8208, Z8116 and Z8216 are shown in 
Figures 61-64 respectively. 
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Figure 61. Z8108 Pin Assignments 



Figure 62. Z8208 Pin Assignments 
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A Complete Solution. Continuing 
the family concept so successfully 
introduced by its 8-bit Z80 CPU, 
Zilog devised the Z8000 Family of 
1 6-bit parts. As you would expect 
from Zilog, this family provides much 
more than an extension of 8-bit archi- 
tecture: the Z8000 Family lets you 
design advanced concepts from the 
mainframe and minicomputer worlds 
into microcomputer systems. 

And because the Z8000 Family 
was built around a unifying set of 
protocols and interconnections, 
present and future family members 
are entirely compatible. Your system 
can grow as your applications ma- 
ture or expand. A whole range of 
functions have been planned for 
from the beginning; the growing 
family now includes parts to provide 
memory management, DMA trans- 
fer, and extended processing. 

System Flexibility. Even the small- 
est Z8000 systems offer high 
throughput and easy programming 
far superior to any existing micropro- 
cessor alternative. In mid-range 
applications, Z8000 components 
offer very powerful solutions to the 
design problems of word process- 
ing, intelligent terminals, data com- 
munications, instrumentation, and 
process control. In a complex net- 
work of multiple processors, smart 
peripheral components, and a dis- 
tributed memory configuration, the 
Z8000 Family provides performance 
and versatility exceeding that of 
much larger— and far more 
expensive— minicomputers. 



Higher Throughput, Reduced 
Cost. The powerful instruction set, 
high execution speed, regular archi- 
tecture, and numerous special fea- 
tures of the Z8000 microprocessors 
dramatically increase system 
throughput. Intelligent Z8000 periph- 
eral controllers and extended pro- 
cessing units unburden the CPU 
and boost throughput even further. 

Simply put, the Z8000 Family 
offers more for less money. The 
Z8000 microprocessors give mid- 
range minicomputer performance at 
microprocessor cost. At component 
prices, Z8000 peripheral controllers 
perform complex system functions 
that previously required an entire PC 
board. 

The Z8000 Family is designed for 
multiple-processor operation— an 
economical way of greatly increasing 
system performance. Many special 
features for multiple Z8000 CPUs 
facilitate the design of multiple- 
processor systems that share access 
to a common memory. The Memory 
Management Units can dynamically 
relocate code and protect memory 
areas. The Z8090/4 Z-UPC Universal 
Peripheral Controller, a complete 
slave microcomputer, can manipu- 
late data off-line. Asynchronous 
parts of multiple-processor systems 
can be joined by the Z8038 Z-FIO 
FIFO Interface Unit. 

A Z8000-based system can also 
include Zilog'sZ8070 FPU Floating 
Point Unit for high-speed, highly 
accurate floating-point processing. 



The Z8000's Extended Processing 
Architecture (EPA) makes it easy to 
add the FPU, and Zilog provides a 
software simulation of the FPU for 
system development. 
An Unmatched CPU. The Z8000 
microprocessor is not just a wider 
data path, more registers, more data 
types, more addressing modes, 
more instructions, and more ad- 
dressing space. It brings big- 
machine concepts to the level of 
components. Its general-register 
architecture avoids bottlenecks 
associated with dedicated or implied 
registers. Special features support 
parallel processors, operating sys- 
tems, compilers, and the implemen- 
tation of virtual memory. 

The Z8000 CPU is also a very fast 
machine. Its throughput is greater 
than that of any other 1 6-bit micro- 
processor with comparable clock 
speeds. And the Z8000 CPU is 
available with speeds ranging from a 
moderate 4 MHz clock rate that 
allows you the choice of slow- 
access, low-cost memories to a 
high-speed 1 MHz clock rate for 
high-performance systems. From 
the four versions of the Z8000 micro- 
processors, you can select the one 
best suited to ycur needs: the Z8001 
for large memory applications, the 
Z8002 for small memory applica- 
tions, the Z8003 for virtual memory, 
or the Z8004 for multiprocessors 
sharing a common, small memory. 
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How to Manage Your Memory 
Better. Trends are increasingly 
toward systems with multiple users, 
complex programs, security require- 
ments, and continuously expanding 
memory requirements. These design 
problems pose questions not suffi- 
ciently answered by other micropro- 
cessor families. 

Exemplifying the Z-Family commit- 
ment to advanced architecture, the 
Z801 Memory Management Unit 
(Z-MMU) and the Z801 5 Paged 
Virtual Memory Management Unit 
(Z-PMMU) both provide flexibility in 
code segmenter page relocation 
and sophistication in memory pro- 
tection rarely found in the micropro- 
cessor world. These devices 
encourage modular software 
development— a critical factor as 
programs reach new levels of 
complexity. 

You are free from specifying where 
information is actually located in 
physical memory because the 
Z-MMU and Z-PMMU make software 
addresses totally independent from 
the actual physical memory address. 
While some microprocessor CPUs 
do have internal CPU relocation 
registers, they are dedicated and 
support few segments. These CPUs 
also restrict memory protection. Not 
true for the Z-MMU or Z-PMMU. 
Various configurations of these de- 
vices can randomly relocate all 1 28 
segments output by the Z8000 CPU 
in any of its available memory 
systems. 



For even more sophisticated mem- 
ory management, the Z8000 micro- 
processors include a new member 
that supports virtual memory via an 
instruction abort mechanism. The 
Z8003 Virtual Memory Processing 
Unit (Z-VMPU) can implement either 
segmented virtual memory that 
allows demand swapping of seg- 
ments, or a paged virtual memory in 
which the unit of memory allocation 
is a page within a segment. 

But the memory management 
units are more than relocation de- 
vices. They offer you a host of mem- 
ory protection features that allow the 
system to protect its software from 
unwanted uses and users. Segments 
or pages can be specified as read- 
only to protect them from being 
overwritten, as system-only to protect 
the operating system from inadver- 
tent user access, as execute-only, 
and so on. A write warning zone is 
especially useful in stack operations 
so the operating system can deal 
with growing stacks. 

Peripheral Problem Solvers. 

Z8000 peripheral components are 
not dumb I/O circuits. They perform 
intelligent, complicated tasks on 
their own. They unburden the CPU, 
reduce bus traffic, and increase 
system throughput. Complex system 
tasks that previously required bur- 
densome conglomerations of MSI 
can now be handled off-line by 
Z-BUS peripherals with little CPU 
overhead. Multifunction Z-BUS 
peripherals are extensively pro- 
grammable, so each can be 
precisely tailored to its application. 



Counting, timing, and parallel I/O 
problems seem less tiresome with 
the Z8036 Z-CIO Counter and Paral- 
lel I/O device. It has three 1 6-bit 
counter/timers, and three I/O ports. 
It can even double as a program- 
mable interrupt-priority controller. 
Data communications are neatly 
handled by the Z8030 Z-SCC Serial 
Communication Controller and the 
Z8033 Z-ASCC Asynchronous Serial 
Communications Controller, dual- 
channel multi-protocol components 
that between them, support all popu- 
lar communications formats. Direct 
memory access is amply supported 
by the Z801 6 Z-DTC DMA Transfer 
Controller, a fast dual-channel device 
that enhances the addressing power 
of the Z8000 CPU in stand-alone or 
parallel-processor environments. 
General-purpose control and data- 
manipulation problems are smoothly 
solved by the Z8094 Z-UPC Univer- 
sal Peripheral Controller, a complete 
off-line microcomputer-on-a-chip 
with three I/O ports. This processor 
executes the same friendly, capable 
instruction set as our Z8 Microcom- 
puter. Bits and pieces of asynchron- 
ous parallel-processing systems are 
interconnected by the Z8038 Z-FIO 
FIFO Input/Output, a surprisingly 
flexible device that can interface any 
major microprocessor and most 
peripherals to the Z-BUS. Its buffer 
depth can be expanded without limit 
using the Z8060Z-FIFO. 

If encryption or decryption of data 
is necessary, the Z8068 Data Cipher- 
ing Processor (Z-DCP) supports 
three standard ciphering options 
and key parity check. It can also 
input, output, and encipher simulta- 
neously. 
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FEATURES 

■ Regular, easy-to-use architecture 

■ Instruction set more powerful than many minicomputers 

■ Directly addresses 8 Mbytes 

■ Eight user-selectable addressing modes 

■ Seven data types that range from bits to 32-bit long words 
and byte and word strings 

■ System and Normal operating modes 

■ Separate code, data, and stack spaces 

■ Sophisticated interrupt structure 



Resource-shaping capabilities for multiprocessing 
systems 

Multi-programming support 

Compiler support 

Memory management and protection provided by 
Z8010 Memory Management Unit 

32-bit operations, including signed multiply and divide 

Z-BUS compatible 

4, 6, and 1 MHz clock rate 
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GENERAL DESCRIPTION 



The Z8000 is an advanced high-end 16-bit microprocessor 
that spans a wide variety of applications ranging from simple 
stand-alone computers to complex parallel-processing 
systems. Essentially a monolithic minicomputer central 
processing unit, the Z8000 CPU is characterized by an 
instruction set more powerful than many minicomputers; 
abundant resources in registers, data types, addressing 
modes and addressing range, and a regular architecture 
that enhances throughput by avoiding critical bottlenecks 
such as implied or dedicated registers. 

CPU resources include sixteen 16-bit general-purpose 
registers, seven data types that range from bits to 32-bit long 
words and byte and word strings, and eight user-selectable 
addressing modes. The 110 distinct instruction types can 
be combined with the various data types and addressing 
modes to form a powerful set of 414 instructions. Moreover, 
the instruction set is regular; most instructions can use any 
of the five main addressing modes and can operate on byte, 
word, and long-word datatypes. 

The CPU can operate in either the system or normal mode. 
The distinction between these two modes permits privileged 
operations, thereby improving operating system 
organization and implementation. Multiprogramming is 
supported by the "atomic" Test and Set instruction; 
multiprocessing by a combination of instruction and 
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hardware features; and compilers by multiple stacks, 
special instructions, and addressing modes. 

The Z8000 CPU is offered in two versions: the Z8001 48-pin 
segmented CPU and the Z8002 40-pin nonsegmented 
CPU (Figure 1). The main difference between the two is in 
addressing range. The Z8001 can directly address 8 
megabytes of memory; the Z8002 directly addresses 64 
kilobytes. The two operating modes— system and normal— 
and the distinction between code, data, and stack spaces 
within each mode allows memory extension up to 48 
megabytes for the Z8001 and 384 kilobytes for the Z8002. 

To meet the requirements of complex, memory-intensive 
applications, a companion memory-management device is 



offered for the Z8001. The Z8010 Memory Management 
Unit manages the large address space by providing 
features such as segment relocation and memory 
protection. The Z8001 can be used with or without the 
Z8010. If used by itself, the Z8001 still provides an 8 
megabyte direct addressing range, extendable to 48 
megabytes. 

The Z8001, Z8002, and Z8010 are fabricated with 
high-density, high-performance scaled n-channel silicon- 
gate depletion-load technology, and are housed in 
dual-in-line packages (DIPs) and leadless chip carriers 
(LCC). 



REGISTER ORGANIZATION 



The Z8000 CPU is a register-oriented machine that offers 
sixteen 1 6-bit general-purpose registers and a set of special 
system registers. All general-purpose registers can be used 
as accumulators and all but one as index registers or 
memory pointers. 

Register flexibility is created by grouping and overlapping 



multiple registers (Figures 2 and 3). For byte operations, the 
first eight 16-bit registers (RO... R7) are treated as sixteen 
8-bit registers (RLO, RHO..., RL7, RH7). The sixteen 16-bit 
registers are grouped in pairs (RRO... RR14) to form 32-bit 
long-word registers. Similarly, the register set is grouped in 
quadruples (RQO... RQ12) to form 64-bit registers. 
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Figure 2. Z8001 General-Purpose Registers 



Figure 3. Z8002 General-Purpose Registers 
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STACKS 

The Z8001 and Z8002 can use stacks located anywhere in 
memory. Call and Return instructions as well as interrupts 
and traps use implied stacks. The distinction between 
normal and system stacks separates system information 
from the application program information. Two stack 
pointers are available: the system stack pointer and the 
normal stack pointer. Because they are part of the 
general-purpose register group, the user can manipulate 



the stack pointers with any instruction available for register 
operations. 

In the Z8001 , register pair RR1 4 is the implied stack pointer. 
Register R14 contains the 7-bit segment number and R15 
contains the 16-bit offset. In the Z8002, register R15 is the 
implied 1 6-bit stack pointer. 



REFRESH 



The Z8000 CPU contains a counter that can be used to 
automatically refresh dynamic memory. The refresh counter 
register consists of a 9-bit row counter, a 6-bit rate counter, 
and an enable bit (Figure 4). The 9-bit row counter can 
address up to 256 rows and is incremented by two each 
time the rate counter reaches end-of-count. The rate counter 
determines the time between successive refreshes. It 
consists of a programmable 6-bit modulo-nprescaler(n = 1 
to 64), driven at one-fourth the CPU clock rate. The refresh 



period can be programmed by 1 to 64 pts with a 4 MHz 
clock. Refresh can be disabled by programming the refresh 
enable/disable bit. 
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Figure 4. Refresh Counter 
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PROGRAM STATUS INFORMATION 



This group of status registers contains the program counter, 
flags, and control bits. When an interrupt or trap occurs, the 
entire group is saved and a new program status group is 
loaded. 

Figure 5 illustrates how the program status groups of the 
Z8001 and Z8002 differ. In the nonsegmented Z8002, the 
program status group consists of two words: the program 
counter (PC), and the flag and control word (FCW). In the 
segmented Z8001 , the program status group consists of 



four words: a two-word program counter, the flag and 
control word, and an unused word reserved for future use. 
Seven bits of the first PC word designate one of the 128 
memory segments. The second word supplies the 1 6-bit 
offset that designates a memory location within the 
segment. 

With the exception of the segment enable bit in the Z8001 
program status group, the flags and control bits are the 
same for both CPUs. 



Z8001 Program Status Registers 
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Z8002 Program Status Registers 
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Z8002 Program Status Area Pointer 



Z8001 Program Status Area Pointer 

Figure 5. Z8000 CPU Special Registers 
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INTERRUPT AND TRAP STRUCTURE 

The Z8000 provides a very flexible and powerful interrupt 
and trap structure. Interrupts are external asynchronous 
events requiring CPU attention, and are generally triggered 
by peripherals needing service. Traps are synchronous 
events resulting from the execution of certain instructions. 
Both are processed in a similar manner by the CPU. 

The CPU supports three types of interrupts (non-maskable, 
vectored, and non-vectored) and four traps [system call, 
Extended Process Architecture (EPA) instruction, privileged 
instructions, and segmentation trap]. The vectored and 
non-vectored interrupts are maskable. Of the four traps, the 
only external one is the segmentation trap, which is 
generated by the Z8010. 

The remaining traps occur when instructions limited to the 
system mode are used in the normal mode, or as a result of 
the System Call instruction, or for an EPA instruction. The 



descending order of priority for traps and interrupts is: 
internal traps, nonmaskable interrupt, segmentation trap, 
vectored interrupt, and non-vectored interrupt. 

When an interrupt or trap occurs, the current program status 
is automatically pushed on the system stack. The program 
status consists of the processor status (PC and FCW) plus a 
16-bit identifier. The identifier contains the reason or source 
of the trap or interrupt. For internal traps, the identifier is the 
first word of the trapped instruction. For external traps or 
interrupts, the identifier is the vector on the data bus read by 
the CPU during the interrupt-acknowledge or trap- 
acknowledge cycle. 

After saving the current program status, the new program 
status is automatically loaded from the program status area 
in system memory. This area is designated by the program 
status area pointer (PSAP). 



DATATYPES 



Z8000 instructions can operate on bits, BCD digits (4 bits), 
bytes (8 bits), words (1 6 bits), long words (32 bits), and byte 
strings and word strings (up to 64 kilobytes long). Bits can be 
set, reset, and tested; digits are used in BCD arithmetic 
operations; bytes are used for characters or small integer 
values; words are used for integer values, instructions and 
nonsegmented addresses; long words are used for long 
integer values and segmented addresses. All data elements 



except strings can reside either in registers or memory. 
Strings are stored in memory only. 

The basic data element is the byte. The number of bytes 
used when manipulating a data element is either implied by 
the operation or— for strings and multiple register 
operations— explicitly specified in the instruction. 



SEGMENTATION AND MEMORY 
MANAGEMENT 



High-level languages, sophisticated operating systems, 
large programs and data bases, and decreasing memory 
prices are all accelerating the trend toward larger memory 
requirements in microcomputer systems. The Z8001 meets 
this requirement with an eight megabyte addressing space. 
This large address space is directly accessed by the CPU 
using a segmented addressing scheme and can be 
managed by the Z801 Memory Management Unit. 

Segmented Addressing 

A segmented addressing space— compared with linear 
addressing— is closer to the way a programmer uses 
memory because each procedure and data space resides 
in its own segment. The 8 megabytes of Z8001 addressing 
space is divided into 128 relocatable segments up to 64 
kilobytes each. A 23-bit segmented address uses a 7-bit 
segment address to point to the segment, and a 1 6-bit offset 
to address any location relative to the beginning of the 
segment. The two parts of the segmented address may be 
manipulated separately. The segmented Z8001 can run any 
code written for the nonsegmented Z8002 in any one of its 
128 segments, provided it is set to the nonsegmented 
mode. 




Figure 6. Logical-to-Physical Address 
Translation 
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In hardware, segmented addresses are contained in a 
register pair or long-word memory location. The segment 
number and offset can be manipulated separately or 
together by all the available word and long-word operations. 

When contained in an instruction, a segmented address has 
two different representations: long offset and short offset. 
The long offset occupies two words, whereas the short offset 
requires only one and combines in one word the 7-bit 
segment number with an 8-bit offset (range 0-256). The 
short offset mode allows very dense encoding of addresses 
and minimizes the need for long addresses required by 
direct accessing of this large address space. 

Memory Management 

The addresses manipulated by the programmer, used by 
instructions and output by the Z8001 , are called logical 
addresses. The Memory Management Unit takes the logical 
addresses and transforms them into the physical addresses 
required for accessing the memory (Figure 6). This address 
transformation process is called relocation. Segment 
relocation makes user software addresses independent of 
the physical memory so the user is freed from specifying 



where information is actually located in the physical 
memory. 

The relocation process is transparent to user software. A 
translation table in the Memory Management Unit 
associates the 7-bit segment number with the base address 
of the physical memory segment. The 1 6-bit offset is added 
to the physical base address to obtain the actual physical 
address. The system may dynamically reload translation 
tables as tasks are created, suspended, or changed. 

In addition to supporting dynamic segment relocation, the 
Memory Management Unit also provides segment 
protection and other segment management features. The 
protection features prevent illegal uses of segments, such as 
writing into a write- protected zone. 

Each Memory Management Unit stores 64 segment entries 

that consist of the segment base address, its attributes, size, N 

and status. Segments are variable in size from 256 bytes to 52 

64 kilobytes in increments of 256 bytes. Pairs of § 

Management Units support the 128 segment numbers ►* 

available for each of the six CPU address spaces. Within an 10 

address space, several Management Units can be used to O 

create multiple translation tables. 2 

G 



EXTENDED PROCESSING ARCHITECTURE 



TheZilog Extended Processing Architecture (EPA) provides 
an extremely flexible and modular approach to expanding 
both the hardware and software capabilities of the Z8000 
CPU. Features of the EPA include: 

■ Specialized instructions for external processors or 
software traps may be added to CPU instruction set. 

■ Increases throughput of the system by using up to four 
specialized external processors in parallel with the CPU. 

■ Permits modular design of Z8000-based systems. 

■ Provides easy management of multiple microprocessor 
configurations via "single instruction stream" 
communication. 

■ Simple interconnection between extended processing 
units and Z8000 CPU requires no additional external 
supporting logic. 



against 



B Supports debugging of suspect hardware 
proven software. 

■ Standard features on all ZilogZ8000 CPUs. 
Specific benefits include: 

■ EPUs can be added as the system grows and as EPUs 
with specialized functions are developed. 

■ Control of EPUs is accomplished via a "single instruction 
stream" in the Z8000 CPU, eliminating many significant 
system software and bus contention management 
obstacles that occur in other multiprocessor (e.g., 
master-slave) organization schemes. 



The processing power of the Zilog Z8000 16-bit 
microprocessor can be boosted beyond its intrinsic 
capability by Extended Processing Architecture. Simply 
stated, EPA allows the Z8000 CPU to accommodate up to 
four Extended Processing Units (EPUs), which perform 
specialized functions in parallel with the CPU's main 
instruction execution stream (Figure 7). 

The use of extended processors to boost the main CPU's 
performance capability has been proven with large 
mainframe computers and minicomputers. In these 
systems, specialized functions such as array processing, 
special input/output processing, and data communications 
processing are typically assigned to extended processor 
hardware. These extended processors are complex 
computers in their own right. 

The Zilog Extended Processing Architecture combines the 
best concepts of these proven performance boosters with 
the latest in high-density MOS integrated-circuit design. The 
result is an elegant expansion of design capability— a 
powerful microprocessor architecture capable of 
connecting single-chip EPUs that permits very effective 
parallel processing and makes for a smoothly integrated 
instruction stream from the Z8000 programmer's point of 
view. A typical addition to the current Z8000 instruction set is 
a set of Floating Point Instructions. 

The Extended Processing Units connect directly to the 
Z8000 Bus (Z-BUS) and continuously monitor the CPU 
instruction stream. When an extended instruction is 
detected, the appropriate EPU responds, obtaining or 
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placing data or status information on the Z-BUS using the 
Z8000-generated control signals and performing its 
function as directed. 

The Z8000 CPU is responsible for instructing the EPU and 
delivering operands and data to it. The EPU recognizes 
instructions intended for it and executes them, using data 
supplied with the instruction and/or data within its internal 
registers. There are four classes of EPU instructions: 

■ Data transfers between main memory and EPU registers 

■ Data transfers between CPU registers and EPU registers 

■ EPU internal operations 

■ Status transfers between the EPUs and the Z8000 CPU 
Flag and Control Word register (FCW) 

Four Z8000 addressing modes may be utilized with 
transfers between EPU registers and the CPU and main 
memory: 

■ Register 

■ Indirect Register 

■ Direct Address 

■ Index 

In addition to the hardware-implemented capabilities of the 
Extended Processing Architecture, there is an extended 
instruction trap mechanism to permit software simulation of 
EPU functions. A control bit in the Z8000 FCW register 
indicates whether actual EPUs are present or not. If not, 
when an extended instruction is detected, the Z8000 traps 
on the instruction, so that a software "trap handler" can 
emulate the desired EPU function— a very useful 



development tool. The EPA software trap routine supports 
the debugging of suspect hardware against proven 
software. This feature will increase in significance as 
designers become familiar with the EPA capability of the 
Z8000CPU. 

This software trap mechanism facilitates the design of 
systems for later addition of EPUs: initially, the extended 
function is executed as a trap subroutine; when the EPU is 
finally attached, the trap subroutine is eliminated and the 
EPA control bit is set. Application software is unaware of the 
change. 

Extended Processing Architecture also offers protection 
against extended instruction overlapping. Each EPU 
connects to the Z8000 CPU via the STOP line so that if an 
EPU is requested to perform a second extended instruction 
function before it has completed the previous one, it can put 
the CPU into the Stop/Refresh state until execution of the 
previous extended instruction is complete. 

EPA and CPU instruction execution are shown in Figure 8. 
The CPU begins operation by fetching an instruction and 
determining whether it is a CPU or an EPU command. The 
EPU meanwhile monitors the Z-BUS for its own instructions. 
If the CPU encounters an EPU command, it checks to see 
whether an EPU is present; if not, the EPU may be simulated 
by an EPU instruction trap software routine; if an EPU is 
present, the necessary data and/or address is placed on the 
Z-BUS. If the EPU is free when the instruction and data for it 
appear, the extended instruction is executed. If the EPU is 
still processing a previous instruction, it activates the CPU's 
STOP line to lock the CPU off at the Z-BUS until execution is 
complete. After the instruction is finished, the EPU 
deactivates the STOP line and CPU transactions continue. 
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Figure 7. Typical Extended Processor Configuration 
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A DATA OR ADDRESSES ARE PLACED ON THE BUS AND USED BY THE EPU IN THE 
EXECUTION OF AN INSTRUCTION. 

Figure 8. EPA and Z8000 CPU Instruction Execution 



INPUT/OUTPUT 



A set of I/O instructions performs 8-bit or 16-bit transfers 
between the CPU and I/O devices. I/O devices are 
addressed with a 16-bit I/O port address. The I/O port 
address is similar to a memory address; however, I/O 
address space need not be part of the memory address 
space. I/O port and memory addresses coexist on the same 
bus lines and they are distinguished by the status outputs. 



Two types of I/O instructions are available: standard and 
special. Each has its own address space. The I/O 
instructions include a comprehensive set of In, Out, and 
Block I/O instructions for both bytes and words. Special I/O 
instructions are used for loading and unloading the Memory 
Management Unit. The status information distinguishes 
between standard and special I/O references. 



MULTI-MICROPROCESSOR SUPPORT 



Multi-microprocessor systems are supported in hardware 
and software. A pair of CPU pins is used in conjunction with 
certain instructions to coordinate multiple microprocessors. 
The Multi-Micro Out pin issues a request for the resource, 
while the Multi-Micro In pin is used to recognize the state of 
the resource. Thus, any CPU in a multiple microprocessor 
system can exclude all other asynchronous CPUs from a 
critical shared resource. 



Multi-microprocessor systems are supported in software by 
the instructions Multi-Micro Request, Test Multi-Micro In, Set 
Multi-Micro Out, and Reset Multi-Micro Out. In addition, the 
eight megabyte CPU address space is beneficial in multiple 
microprocessor systems that have large memory 
requirements. 
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ADDRESSING MODES 

The information included in Z8000 instructions consists of 
the function to be performed, the type and size of data 
elements to be manipulated, and the location of the data 
elements. Locations are designated by register addresses, 
memory addresses, or I/O addresses. The addressing 
mode of a given instruction defines the address space it 
references and the method used to compute the address 
itself. Addressing modes are explicitly specified or implied 
by the instruction. 



Figure 9 illustrates the eight addressing modes: Register 
(R), Immediate (IM), Indirect Register (IR), Direct Address 
(DA), Index (X), Relative Address (RA), Base Address (BA), 
and Base Index (BX). In general, an addressing mode 
explicitly specifies either register address space or memory 
address space. Program memory address space and I/O 
address space are usually implied by the instruction. 
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*Do not use RO or RRO as indirect, index, or base registers. 

Figure 9. Addressing Modes 
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INSTRUCTION SET SUMMARY 

The Z8000 provides the following types of instructions: 

■ Load and Exchange 

■ Arithmetic 

■ Logical 

■ Program Control 



Bit Manipulation 

Rotate and Shift 

Block Transfer and String Manipulation 

Input/Output 

CPU Control 



LOAD AND EXCHANGE 



Mnemonics 



Operands 



Clock Cycles* 
Addr. Word, Byte Long Word 

Modes NS SS SL NS SS SL 



Operation 



CLR 
CLRB 



dst 



R 
IR 
DA 
X 



111 
8 8 8 

11 12 14 

12 12 15 



Clear 

dst«-0 



EX 
EXB 



R,src 



R 
IR 
DA 
X 



6 6 6 

12 12 12 

15 16 18 

16 16 19 



Exchange 

R**src 



LD 

LDB 

LDL 



R, src 



R 
IM 
IM 
IR 
DA 
X 

BA 
BX 



3 3 

7 7 

5 (byte only) 

7 7 

9 10 

10 10 

14 14 

14 14 



5 
11 

11 
12 
13 
17 
17 



5 
11 

11 
13 
13 
17 
17 



5 
11 

11 
15 
16 
17 
17 



Load into Register 

R«-src 



LD 

LDB 

LDL 



dst, R 



IR 
DA 
X 

BA 
BX 



8 

11 
12 
14 
14 



8 8 11 

12 14 14 

12 15 15 

14 14 17 

14 14 17 



11 
15 
15 
17 
17 



11 
17 
18 
17 



Load into Memory (Store) 
dst*-R 



LD 
LDB 



dst, IM 



LDA 



R.src 



IR 
DA 
X 



11 
14 
15 



11 
15 
15 



11 
17 
18 



Load Immediate into Memory 

dst*-IM 



DA 
X 

BA 
BX 



12 
13 
15 
15 



13 
13 
15 
15 



15 
16 
15 
15 



Load Address 

R *- source address 



LDAR R, src 


RA 


15 


15 


15 


Load Address Relative 

R *- source address 


LDK R, src 


IM 


5 


5 


5 


Load Constant 

R-n(n = 0...15) 


LDM R, src, r 


i IR 
DA 
X 


11 
14 
15 


11 
15 
15 


11 + 3n 

17 + 3n 

18 + 3n 


Load Multiple 

R ♦- src (n consecutive words) 
(n = 1...16) 


*NS - Non-segmented SS = 


Segmented Short Offset 


SL = 


Segmented Long Offset 
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LOAD AND EXCHANGE (Continued) 












Clock Cycles* 












Addr. 


Word, Byte 


Long Word 




Mnemonics 


Operands 


Modes 


NS 


SS 


SL 


NS 


SS 


SL 


Operation 


LDM 


dst, R, n 


IR 


11 


11 


11 + 


3n 






Load Multiple (Store Multiple) 






DA 


14 


15 


17 + 


3n 






dst «- R (n consecutive words) 






X 


15 


15 


18 + 


3n 






(n = 1...16) 


LDR 


R, src 


RA 


14 


14 


14 


17 


17 


17 


Load Relative 


LDRB 


















R*-src 


LDRL 


















(range -32768... +32767) 


LDR 


dst, R 


RA 


14 


14 


14 


17 


17 


17 


Load Relative (Store Relative) 


LDRB 


















dst-R 


LDRL 


















(range -32768... +32767) 


POP 


dst, IR 


R 


8 


8 


8 


12 


12 


12 


Pop 


POPL 




IR 


12 


12 


12 


19 


19 


19 


dst-IR 






DA 


16 


16 


18 


23 


23 


25 


Autoincrement contents of R 






X 


16 


16 


19 


23 


23 


26 




PUSH 


IR, src 


R 


9 


9 


9 


12 


12 


12 


Push 


PUSHL 




IM 


12 


12 


12 


19 


19 


19 


Autodecrement contents of R 






IR 


13 


13 


13 


20 


20 


20 


IR«-src 






DA 


14 


14 


16 


21 


21 


23 








X 


14 


14 


17 


21 


21 


24 




ARITHMETIC 


ADC 


R, src 


R 


5 


5 


5 








Add with Carry 


ADCB 


















R *- R + src + carry 


ADD 


R, src 


R 


4 


4 


4 


8 


8 


8 


Add 


ADDB 




IM 


7 


7 


7 


14 


14 


14 


R ♦- R + src 


ADDL 




IR 


7 


7 


7 


14 


14 


14 








DA 


9 


10 


12 


15 


16 


18 








X 


10 


10 


13 


16 


16 


19 




CP 


R, src 


R 


4 


4 


4 


8 


8 


8 


Compare with Register 


CPB 




IM 


7 


7 


7 


14 


14 


14 


R - src 


CPL 




IR 


7 


7 


7 


14 


14 


14 








DA 


9 


10 


12 


15 


16 


18 








X 


10 


10 


13 


16 


16 


19 




CP 


dst, IM 


IR 


11 


11 


11 








Compare with Immediate 


CPB 




DA 
X 


14 
15 


15 
15 


17 
18 








dst - IM 


DAB 


dst 


R 


5 


5 


5 








Decimal Adjust 


DEC 


dst, n 


R 


4 


4 


4 








Decremented by n 


DECB 




IR 


11 


11 


11 








dst *- dst - n 






DA 


13 


14 


16 








(n- 1...16) 






X 


14 


14 


17 











*NS = Non-segmented SS = Segmented Short Offset SL = Segmented Long Offset 
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ARITHMETIC (Continued) 



Clock Cycles* 



Mnemonics 



Operands 



Addr. 


Word, Byte 


Long Word 




Modes 


NS 


ss 


SL 


NS 


SS 


SL 


Operation 


R 


107 


107 


107 


744 


744 


744 


Divide (signed) 


IM 


107 


107 


107 


744 


744 


744 


Word:R n + 1 «-Rn,n+l + src 


IR 


107 


107 


107 


744 


744 


744 


R n *- remainder 


DA 


108 


109 


111 


745 


746 


748 


LongWord:R n+2) n+3*-Rn...n+3 + src 


X 


109 


109 


112 


746 


746 


749 


Rn,n+2*" remainder 



DIV 
DIVL 



R.src 



EXTS 

EXTSB 

EXTSL 



dst 



11 11 11 11 11 11 ExtendSign 

Extend sign of low order half of dst 
through high order half of dst 



INC 
INCB 



dst, n 



R 


4 


4 


4 


IR 


11 


11 


11 


DA 


13 


14 


16 


X 


14 


14 


17 


R 


70 


70 


70 


IM 


70 


70 


70 


IR 


70 


70 


70 


DA 


71 


72 


74 


X 


72 


72 


75 


R 


7 


7 


7 


IR 


12 


12 


12 


DA 


15 


16 


18 


X 


16 


16 


19 



Increment by n 

dst *- dst + n 
(n= 1...16) 



MULT 
MULTL 



R.src 



282t 282t 282t 

282t 282t 282t 

282t 282t 282t 

283t 284t 286t 

284t 284t 287t 



Multiply (signed) 
Word:R n)n+1 ^-R n + 1 •src 
Long Word: R n ... n + 3 - R n + 2,n + 3 
tPlus seven cycles for each 1 in the 
multiplicand 



NEG 
NEGB 



dst 



Negate 

dst*-0 - dst 



SBC 
SBCB 



R.src 



Subtract with Carry 

R *- R - src - carry 



SUB 

SUBB 

SUBL 



R.src 



R 


4 


4 


4 


8 


8 


8 


Subtra< 


;t 


IM 


7 


7 


7 


14 


14 


14 


R^-R - 


- src 


IR 


7 


7 


7 


14 


14 


14 






DA 


9 


10 


12 


15 


16 


18 






X 


10 


10 


13 


16 


16 


19 







LOGICAL 



AND 
ANDB 



R.src 



R 
IM 
IR 
DA 
X 



4 4 4 

111 
111 
9 10 12 
10 10 13 



AND 

R «- R AND src 



COM 
COMB 



dst 



R 
IR 
DA 
X 



111 
12 12 12 

15 16 18 

16 16 19 



Complement 

dst*- NOT dst 



OR 
ORB 



R, src 



R 
IM 
IR 
DA 
X 



4 
7 
7 
9 
10 



4 
7 
7 

10 
10 



4 

7 

7 

12 

13 



OR 

R — R OR src 



*NS = Non-segmented SS = Segmented Short Offset SL = Segmented Long Offset 
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LOGICAL (Continued) 



Addr. 



Clock Cycles* 
Word, Byte Long Word 



Mnemonics 


Operands 


Modes 


NS 


SS 


SL 


NS 


SS 


SL 


Operation 


TCC 
TCCB 


cc, dst 


R 


5 


5 


5 








Test Condition Code 

Set LSB if cc is true 



TEST 

TESTB 

TESTL 



dst 



R 


7 


7 


7 


13 


13 


13 


Test 


IR 


8 


8 


8 


13 


13 


13 


dst OR 


DA 


11 


12 


14 


16 


17 


19 




X 


12 


12 


15 


17 


17 


20 




R 


4 


4 


4 








Exclusive OR 


IM 


7 


7 


7 








R «- R XOR src 


IR 


7 


7 


7 










DA 


9 


10 


12 










X 


10 


10 


13 











XOR 
XORB 



R, src 



PROGRAM CONTROL 



CALL 



dst 



IR 


10 


15 


15 


DA 


12 


18 


20 


X 


13 


18 


21 



Call Subroutine 

Autodecrement SP 
@ SP - PC 

PC *- dst 



CALR 



dst 



RA 



10 



10 



15 



Call Relative 

Autodecrement SP 

@ SP *- PC 

PC—PC + dst (range -4094 to +4096) 



DJNZ 
DBJNZ 



R.dst 



RA 



11 11 11 



Decrement and Jump if Non-Zero 

R-R- 1 

If R # 0: PC-PC + dst(range - 254 to 9) 



IRETt 



13 13 16 



Interrupt Return 

PS-@SP 
Autoincrement SP 



JP 



cc, dst 



IR 


10 


10 


15 


(taken) 


IR 


7 


7 


7 


(not taken) 


DA 


7 


8 


10 




X 


8 


8 


11 





Jump Conditional 

If cc is true: PC — dst 



JR 



cc, dst 



RA 



Jump Conditional Relative 

If cc is true: PC — PC + dst 
(range -256 to +254) 



RET 



10 10 13 (taken) Return Conditional 

111 (not taken) If cc is true. PC — @SP 

Autoincrement SP 



SC 



IM 



33 33 39 



System Call 

Autodecrement SP 
@SP-oldPS 
Push instruction 
PS — System Call PS 



*NS = Non-segmented SS = Segmented Short Offset SL = Segmented Long Offset 
tPnvileged instruction. Executed in system mode only 
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BIT MANIPULATION 



Mnemonics 



Operands 



Clock Cycles* 
Addr. Word, Byte Long Word 

Modes NS SS SL NS SS SL 



Operation 



BIT 
BITB 



dst, b 



R 


4 


4 


4 


IR 


8 


8 


8 


DA 


10 


11 


13 


X 


11 


11 


14 



Test Bit Static 

Z flag — NOT dst bit specified by b 



BIT 
BITB 



dst.R 



10 



10 



10 



Test Bit Dynamic 

Z flag *- NOT dst bit specified by 
contents of R 



RES 
RESB 



dst, b 



R 


4 


4 


4 


IR 


11 


11 


11 


DA 


13 


14 


16 


X 


14 


14 


17 



Reset Bit Static 

Reset dst bit specified by b 



N 

§ 



10 
O 

* 

a 



RES 
RESB 



dst.R 



10 



10 



10 



Reset Bit Dynamic 

Reset dst bit specified by contents R 



SET 
SETB 



dst, b 



R 


4 


4 


4 


IR 


11 


11 


11 


DA 


13 


14 


16 


X 


14 


14 


17 



Set Bit Static 

Set dst bit specified by b 



SET 
SETB 



dst.R 



10 



10 



10 



Set Bit Dynamic 

Set dst bit specified by contents of R 



TSET 
TSETB 



dst 



R 


7 


7 


7 


IR 


11 


11 


11 


DA 


14 


15 


17 


X 


15 


15 


18 



Test and Set 

S flag -MSB of dst 
dst*- all 1s 



ROTATE AND SHIFT 


RL 
RLB 




dst, n 


R 
R 


6 for n = 1 
7forn = 2 






Rotate Left 

by n bits (n = 1,2) 


RLC 
RLCB 




dst, n 


R 
R 


6 for n = 1 
7forn = 2 






Rotate Left through Carry 

by n bits (n = 1,2) 


RLDB 




R, src 


R 


9 9 9 






Rotate Digit Left 


RR 
RRB 




dst, n 


R 
R 


6 for n = 1 
7forn = 2 






Rotate Right 

by n bits (n = 1,2) 


RRC 
RRCB 




dst, n 


R 
R 


6 for n = 1 
7forn = 2 






Rotate Right through Carry 

by n bits (n = 1,2) 


RRDB 




R, src 


R 


9 9 9 






Rotate Digit Right 


SDA 

SDAB 

SDAL 




dst, R 


R 


(15 + 3n) 


(15 + 


3n) 


Shift Dynamic Arithmetic 

Shift dst left or right by 
contents of R 


SDL 

SDLB 

SDLL 




dst, R 


R 


(15 + 3n) 


(15 + 


3n) 


Shift Dynamic Logical 

Shift dst left or right by 
contents of R 


*NS = Non- 


segmented 


SS = 


Segmented Short Offset SL = Segmented Long Offset 
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ROTATE AND SHIFT (Continued) 


Mnemonics 


Operands 


Addr. 
Modes 


Clock Cycles* 

Word, Byte Long Word 

NS SS SL NS SS SL 


Operation 


SLA 

SLAB 

SLAL 


dst, n 


R 


(13 + 3n) 


(13 + 3n) 


Shift Left Arithmetic 

by n bits 


SLL 

SLLB 

SLLL 


dst, n 


R 


(13 + 3n) 


(13 + 3n) 


Shift Left Logical 

by n bits 


SRA 

SRAB 

SRAL 


dst, n 


R 


(13 + 3n) 


(13 + 3n) 


Shift Right Arithmetic 

by n bits 


SRL 

SRLB 

SRLL 


dst, n 


R 


(13 + 3n) 


(13 + 3n) 


Shift Right Logical 

by n bits 


BLOCK TRANSFER AND STRING MANIPULATION 



CPD 
CPDB 



R x ,src,R Y ,cc IR 20 20 20 



Compare and Decrement 

Rx - src 

Autodecrement src address 

R Y *- Ry - 1 



CPDR 
CPDRB 



Rx,src,Ry,cc IR (11 + 9n) 



Compare, Decrement, and Repeat 

Rx - src 

Autodecrement src address 

Ry *- Ry - 1 

Repeat until cc is true or Ry = 



CPI 
CPIB 



Rx.src.Rycc 



IR 



20 20 20 



Compare and Increment 

Rx - src 

Autoincrement src address 

Ry *- Ry - 1 



CPIR 
CPIRB 



Rx,src,Ry,cc 



IR 



(11 + 9 n) 



Compare, Increment, and Repeat 

Rx - src 

Autoincrement src address 

Ry *- Ry - 1 

Repeat until cc is true or Ry = 



CPSD 
CPSDB 



dst.src.R.cc 



IR 



25 25 25 



Compare String and Decrement 

dst - src 

Autodecrement dst and src addresses 

R*-R- 1 



CPSDR 
CPSDRB 



dst.src.R.cc 



IR 



(11 + 14 n) 



Compare String, Decrement, and 
Repeat 

dst - src 

Autodecrement dst and src addresses 

R«-R- 1 

Repeat until cc is true or R = 



*NS = Non-segmented SS = Segmented Short Offset SL = Segmented Long Offset 
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BLOCK TRANSFER AND STRING MANIPULATION (Continued) 



Mnemonics 



Operands 



Clock Cycles* 
Addr. Word, Byte Long Word 

Modes NS SS SL NS SS SL 



Operation 



CPSI 
CPSIB 



dst.src.R.cc 



IR 



25 25 



25 



Compare String and Increment 

dst - src 

Autoincrement dst and src addresses 

R«-R- 1 



CPSIR 
CPSIRB 



dst.src.R.cc 



IR 



(11 + 14 n) 



Compare String, Increment and 
Repeat 

dst - src 

Autoincrement dst and src addresses 

R^R- 1 

Repeat until cc is true or R = 



LDD 
LDDB 



dst.src.R 



IR 



20 



20 



20 



Load and Decrement X 

dst *- src i^ 

Autodecrement dst and src addresses 10 

R-R-1 fl 



LDDR 
LDDRB 



dst,src,R IR (1 1 + 9 n) 



Load, Decrement and Repeat 

dst *- src 

Autodecrement dst and src addresses 

R*-R- 1 

Repeat until R = 



LDI 
LDIB 



dst.src.R 



IR 



20 20 20 



Load and Increment 

dst *- src 

Autoincrement dst and src addresses 

R^R- 1 



LDIR 
LDIRB 



dst.src.R 



IR 



(11 +9n) 



Load, Increment and Repeat 

dst *- src 

Autoincrement dst and src addresses 

R*-R- 1 

Repeat until R = 



TRDB 



t.src.R IR 25 25 25 



Translate and Decrement 

dst «- src (dst) 
Autodecrement dst address 
R^R- 1 



TRDRB 



dst,src.R IR (11 t 14 n) 



Translate, Decrement and Repeat 
dst *- src (dst) 

Autodecrement dst address 
R-R- 1 
Repeat until R = 



TRIB 



dst.src.R IR 25 25 25 



Translate and Increment 

dst *- src (dst) 
Autoincrement dst address 
R-R- 1 



*NS = Non-segmented SS ■ Segmented Short Offset SL = Segmented Long Offset 
* Privileged instruction. Executed in system mode only. 
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BLOCK TRANSFER AND STRING MANIPULATION (Continued) 



Clock Cycles* 
Addr. Word, Byte Long Word 

Mnemonics Operands Modes NS SS SL NS SS SL 



Operation 



TRIRB 



dst.src.R IR (11 + 14n) 



Translate, Increment and Repeat 

dst «- src (dst) 
Autoincrement dst address 
R«-R- 1 
Repeat until R = 



TRTDB 



src1,src2,R IR 25 25 25 



Translate and Test, Decrement 

RH1 «-src2(srd) 
Autodecrement src 1 address 
R^R- 1 



TRTDRB src1,src2,R IR (11 + 1 4 n) 



Translate and Test, Decrement, and 
Repeat 

RH1 *-src2(srd) 
Autodecrement srd address 
R*-R - 1 
Repeat until R = OorRHI =0 



TRTIB 



src1,src2,R IR 25 25 25 



Translate and Test, Increment 

RH1 *-src2(srd) 
Autoincrement srd address 
R«-R- 1 



TRTIRB 



src1,src2,R IR (11 + 14n) 



Translate and Test, Increment and 
Repeat 

RH1 *-src2(srd) 
Autoincrement src 1 address 
R-R - 1 
Repeat until R = OorRHI =0 



INPUT/OUTPUT 



INt 
INBt 



R.src 



IR 
DA 



10 
12 



10 
12 



10 
12 



Input 

R*-src 



INDt dst.src.R 

INDBt 



IR 



21 



21 



21 



Input and Decrement 

dst *- src 

Autodecrement dst address 

R*-R - 1 



INDRt 
INDRBt 



dst.src.R 



IR 



(11 + 10 n) 



Input, Decrement and Repeat 

dst *- src 

Autodecrement dst address 
R^R- 1 
Repeat until R = 



INlt 
INIBt 



dst.src.R 



IR 



21 21 21 



Input and Increment 

dst *- src 

Autoincrement dst address 

R«-R - 1 



*NS = Non-segmented SS = Segmented Short Offset SL = Segmented Long Offset 
tPrivileged instruction. Executed in system mode only. 
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INPUT/OUTPUT (Continued) 



Mnemonics 



Clock Cycles* 
Addr. Word, Byte Long Word 

Operands Modes NS SS SL NS SS SL 



Operation 



INIRt 
INIRBt 



dst.src.R 



IR 



(11 + 10 n) 



Input, Increment and Repeat 

dst *- src 

Autoincrement dst address 
R^R - 1 
Repeat until R = 



OUTt 
OUTBt 



dst.R 



IR 
DA 



10 
12 



10 
12 



10 
12 



Output 

dst*-R 



OUTDt 
OUTDBt 



dst.src.R 



IR 



21 



21 



21 



Output and Decrement 

dst *- src 

Autodecrement src address 

R«-R - 1 



S 

a 



OTDRt 
OTDRBt 



dst.src.R 



IR 



(11 + 10 n) 



Output, Decrement and Repeat 

dst *- src 

Autodecrement src address 
R*-R - 1 
Repeat until R = 



OUTlt 
OUTIBt 



dst.src.R IR 21 21 21 



Output and Increment 

dst *- src 

Autoincrement src address 

R«-R - 1 



OTIRt 
OTIRBt 



dst.src.R IR (11 + 10n) 



Output, Increment, and Repeat 

dst ««- src 

Autoincrement src address 
R^R- 1 
Repeat until R = 



SINt 
SINBt 



R.src DA 12 12 12 



Special Input 

R*-src 



SINDt 
SINDBt 



dst.src.R IR 21 21 21 



Special Input and Decrement 

dst *- src 

Autodecrement dst address 

R*-R - 1 



SINDRt 
SINDRBt 



dst.src.R IR 11 + 10n) 



Special Input, Decrement, and 

Repeat 

dst *- src 

Autodecrement dst address 

R^R - 1 

Repeat until R = 



SINlt 

SINIBt 



dst.src.R 



IR 



21 



21 



21 



Special Input and Increment 

dst «- src 

Autoincrement dst address 

R«-R- 1 



*NS = Non-segmented SS = Segmented Short Offset SL = Segmented Long Offset 
tPrivileged instruction. Executed in system mode only. 
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INPUT/OUTPUT (Continued) 



Mnemonics 



Clock Cycles* 
Addr. Word, Byte Long Word 

Operands Modes NS SS SL NS SS SL 



Operation 



SINIRt 
SINIRBt 



dst.src.R 



IR 



(11 + 10 n) 



Special Input, Increment, and 

Repeat 

dst *- src 

Autoincrement dst address 

R-R - 1 

Repeat until R = 



SOUTt 
SOUTBt 



dst, src 



DA 12 12 12 



Special Output 

dst *- src 



SOUTDt 
SOUTDBt 



dst,src,R 



IR 21 21 21 



Special Output and Decrement 

dst *- src 

Autodecrement src address 

R-R- 1 



SOTDRt 
SOTDRBt 



dst.src.R IR (11 + 10n) 



Special Output, Decrement, and 

Repeat 

dst *- src 

Autodecrement src address 

R-R - 1 

Repeat until R = 



SOUTlt 
SOUTIBt 



dst.src.R IR 21 21 21 



Special Output and Increment 

dst «- src 

Autoincrement src address 

R*-R - 1 



SOTIRt 
SOTIRBt 



dst.src.R 



(11 + 10 n) 



Special Output, Increment, and 

Repeat 

dst *- src 

Autoincrement src address 

R-R- 1 

Repeat until R = 



CPU CONTROL 


COMFLG 


flags 


— 7 


7 


7 


Complement Flag 

(Any combination of C, Z, S, P/V) 


Dlt 


int 


- 7 


7 


7 


Disable Interrupt 

(Any combination of NVI, VI) 


Elt 


int 


- 7 


7 


7 


Enable Interrupt 

(Any combination of NVI, VI) 


HALTt 


- 


- 


(8 + 3 n) 




HALT 


LDCTLt 


CTLR.src 


R 7 


7 


7 


Load into Control Register 

CTLR «- src 


LDCTLt 


dst.CTLR 


R 7 


7 


7 


Load from Control Register 

dst*- CTLR 


*NS = Non-segmented SS = Segmented Short Offset 
tPnvileged instruction. Executed in system mode only. 


SL = Segmented Long Offset 
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CPU CONTROL (Continued) 


Mnemonics 


Operands 


Addr. 
Modes 


Clock Cycles* 

Word, Byte Long Word 

NS SS SL NS SS SL 


Operation 


LDCTLB 


FLGR.src 


R 


7 


7 


7 






Load into Flag Byte Register 

FLGR *- src 


LDCTLB 


dst.FLGR 


R 


7 


7 


7 






Load from Flag Byte Register 

dst - FLGR 


LDPSt 


src 


IR 
DA 
X 


12 
16 
17 


16 
20 
20 


16 
22 
23 






Load Program Status 

PS *- src 


MBITt 


— 


— 


7 


7 


7 






Test Multi-Micro Bit 

Set S if Ml is Low; reset S if Ml is High 


MREQt 


dst 


R 




(12 + r 


i) 






Multi-Micro Request 


MRESt 


- 


- 


5 


5 


5 






Multi-Micro Reset 


MSETt 


- 


- 


5 


7 


7 






Multi-Micro Set 


NOP 


- 


- 


7 


7 


7 






No Operation 


RESFLG 


flag 


— 


7 


7 


7 






Reset Flag 

(Any combination of C, Z, S, P/V) 


SETFLG 


flag 


— 


7 


7 


7 






Set Flag 

(Any combination of C, Z, S, P/V) 



*NS = Non-segmented SS = Segmented Short Offset SL = Segmented Long Offset 
tPrivileged instruction. Executed in system mode only. 
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CONDITION CODES 



Code 


Meaning 


Flag Settings 


CC Field 


F 


Always false 


— 


0000 


T 


Always true 


— 


1000 


Z 


Zero 


Z= 1 


0110 


NZ 


Not zero 


Z = 


1110 


C 


Carry 


C= 1 


0111 


NC 


No Carry 


c = o 


1111 


PL 


Plus 


s = o 


1101 


Ml 


Minus 


S= 1 


0101 


NE 


Not equal 


z = o 


1110 


EQ 


Equal 


Z= 1 


0110 


OV 


Overflow 


P/V= 1 


0100 


NOV 


No overflow 


P/V = 


1100 


PE 


Parity is even 


P/V= 1 


0100 


PO 


Parity is odd 


P/V = 


1100 


GE 


Greater than or equal (signed) 


(SXORP/V) = 


1001 


LT 


Less than (signed) 


(S XOR P/V) = 1 


0001 


GT 


Greater than (signed) 


[ZOR(SXORP/V)] = 


1010 


LE 


Less than or equal (signed) 


[Z OR (S XOR P/V)] = 1 


0010 


UGE 


Unsigned greater than or equal 


C = 


1111 


ULT 


Unsigned less than 


C = 1 


0111 


UGT 


Unsigned greater than 


[(C = 0)AND(Z = 0)] = 1 


1011 


ULE 


Unsigned less than or equal 


(C OR Z) = 1 


0011 


Note that some 


i condition codes have identical flag settings and binary fields in the instruction: 




Z - EQ, NZ = 


NE, C = ULT, NC - UGE, OV = PE, NOV = PO 







STATUS CODE LINES 



ST0-ST3 Definition 



0000 Internal operation 

0001 Memory refresh 

0010 I/O reference 

001 1 Special I/O reference (e.g., to an MMU) 

01 00 Segment trap acknowledge 

01 01 Non-maskable interrupt acknowledge 

01 1 Non-vectored interrupt acknowledge 

01 1 1 Vectored interrupt acknowledge 

1 000 Data memory request 

1 001 Stack memory request 

1 01 Data memory request (EPU) 

1011 Stack memory request (EPU) 

1 1 00 Program reference, nth word 

1101 Instruction fetch, first word 

1110 Extension processor transfer 

1111 Reserved 
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PIN DESCRIPTION 



AD -AD 15 . Address/Data (inputs/outputs, active High, 
3-state). These multiplexed address and data lines are used 
for I/O and to address memory. 

AS. Address Strobe (output, active Low, 3-state). The rising 
edge of AS indicates addresses are valid. 



BUSACK. Bus Acknowledge (output active Low). A Low on 
this line indicates the CPU has relinquished control of the 
bus. 



BUSREQ. Bus Request (input, active Low). This line must 
be driven Low to request the bus from the CPU. 

B/W. Byte/Word (output, Low = Word, 3-state). This signal 
defines the type of memory reference on the 16-bit 
address/data bus. 

CLK. System Clock (input). CLK is a 5V single-phase 
time-base input. 

DS. Data Strobe (output, active Low, 3-state). This line times 
the data in and out of the CPU. 



MREQ. Memory Request (output, active Low, 3-state). A 
Low on this line indicates that the address/data bus holds a 
memory address. 

Ml, MO. Multi-Micro In, Multi-Micro Out (input and output, 
active Low). These two lines form a resource-request daisy 
chain that allows one CPU in a multi-microprocessor system 
to access a shared resource. 

NMI. Non-Maskable Interrupt (edge trig gered , input, active 
Low). A high-to-low transition on NMI requests a 



ADoC 


1 


48 


3 AD 8 


AD 9 C 


2 


47 


JSN 6 


AD 10 C 


3 


46 


2 SN 5 


AD11C 


4 


45 


3 AD 7 


AD 12 C 


5 


44 


J AD 6 


AD 13 C 


6 


43 


3ad 4 


stopC 


7 


42 


3SN 4 


MlC 


8 


41 


H AD S 


AD 15 C 


9 


40 


3 AD 3 


AD14C 


10 


39 


3ad 2 


+ RV C 


11 


38 


2 AD, 


vrC 

NVI C 


12 37 
,0 Z8 ° 01 36 


DSN 2 

Dgnd 


segtC 


14 


35 


2 CLOCK 


nm?C 


15 


34 


Das 


RESET £ 


16 


33 


3 NC 


MOC 


17 


32 


3 B/W 


mreqC 


18 


31 


3n/s 


DS C 


19 


30 


3 R/W 


ST 3 C 


20 


29 


3 BUSACK 


ST 2 C 


21 


28 


JIwaTT 


ST! £ 


22 


27 


J BUSREQ 


SToC 


23 


26 


DSN 


SN3C 


24 


25 


I]SN, 



non-maskable interrupt. The NMI interrupt has the highest 
priority of the three types of interrupts. 

N/S. Normal/System Mode (output, Low = System Mode, 
3-state). N/S indicates the CPU is in the normal or system 
mode. 

NMI. Non-Vectored Interrupt (input, active Low). A Low on 
this line requests a non-vectored interrupt. 



RESET. Reset (input, active Low). A Low on this line resets 
the CPU. 

R/W. Read/Write (output, Low = Write, 3-state). R/W 
indicates that the CPU is reading from or writing to memory 
or I/O. 



SEGT. Segment Trap (input, active Low). The Memory 
Management Unit interrupts the CPU with a Low on this line 
when the MMU detects a segmentation trap. Input on 
Z8001 only. 

SN -SN 6 . Segment Number (outputs, active High, 3-state). 
These lines provide the 7-bit segment number used to 
address one of 128 segments by the Z8010 memory 
Management Unit Output by the Z8001 only. 

ST0-ST3. Status (outputs, active High, 3-state). These lines 
specify the CPU status (see Status Code Lines). 



STOP. Stop (input, active Low). This input can be used to 
single-step instruction execution. 

VI. Vectored Interrupt (input, active Low). A Low on this line 
requests a vectored interrupt. 



WAIT. Wait (input, active Low). This line indicates to the CPU 
that the memory or I/O device is not ready for data transfer. 
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Figure 10a. 48-pin Dual-ln-Line Package (DIP), 
Pin Assignments 



Figure 11a. 40-pin Dual-ln-Line Package (DIP), 
Pin Assignments 
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Figure 10b. 68-pin Chip Carrier, Pin Assignments 
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Figure 11b. 44-pin Chip Carrier, Pin Assignments 



Z8000 CPU TIMING 



The Z8000 CPU executes instructions by stepping through 
sequences of basic machine cycles, such as memory read 
or write, I/O device read or write, interrupt acknowledge, 
and internal execution. Each of these basic cycles requires 
three to ten clock cycles to execute. Instructions that require 
more clock cycles to execute are broken up into several 
machine cycles. Thus no machine cycle is longer than ten 
clock cycles and fast response to a Ejus Request is 
guaranteed. 

The instruction opcode is fetched by a normal memory read 
operation. A memory refresh cycle can be inserted just after 
the completion of any first instruction fetch (IF-|) cycle and 
can also be inserted while the following instructions are 
being executed: MULT, MULTL, DIV, DIVL, HALT, all Shift 
instructions, all Block Move instructions, and the Multi-Micro 



Request instruction (MREQ). 

The following timing diagrams show the relative timing 
relationships of all CPU signals during each of the basic 
operations. When a machine cycle requires additional clock 
cycles for CPU internal operation, one to five clock cycles 
are added. Memory and I/O read and write, as well as 
interrupt ac knowle dge cycles, can be extended by 
activating the WAIT input. For exact timing information, refer 
to the composite timing diagram. 

Note that the WAIT input is not synchr onized in the Z8000 
and that the setup and hold times for W AIT, re lative to the 
clock, must be met. If asynchronous WAIT signals are 
generated, they must be synchronized with the CPU clock 
before entering the Z8000. 
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MEMORY READ AND WRITE 



Memory read and instruction fetch cycles are identical, 
except for the status information on the ST0-ST3 outputs. 
During a memory read cycle, a 16-bit address is placed on 
the AD0-AD-15 outputs early in the first clock period, as 
shown in Figure 1 2. In the Z8001 , the 7-bit segment number 
is output on SNq-SNs one clock period earlier than the 1 6-bit 
address offset.) 

A valid address is indicated by the rising edge of Address 
Strobe. Status and mode information become valid early in 
the memory ac cess c ycle and remain stable throughout. 
The state of the WAIT input is sampled in the middl e of th e 
second clock cycle by the falling edge of Clock. If WAIT is 



Low, a n additional clock period is added between T2 and T 3 . 
WAIT is sampled again in the middle of this wait cycle, and 
additional wait states can be inserted: this allows interfacing 
slow memories. No control outputs change during wait 
states. 

Although Z8000 memory is word organized, memory is 
addressed as bytes. All instructions are word-aligned, using 
even addresses. Within a 16-bit word, the most significant 
byte (D8-D15) is addressed by the low-order address (A = 
Low), and the least significant byte (D0-D7) is addressed by 
the high-order address (A = High). 
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Figure 12. Memory Read and Write Timing 
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INPUT/OUTPUT 

I/O timing is similar to memory read/write timing, except that and T 3 (Figure 13). Both the segmented Z8001 and the 
one wait state is automatically (Twa) inserted between T 2 nonsegmented Z8002 use 16-bit I/O addresses. 
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Figure 13. Input/Output Timing 
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INTERRUPT AND SEGMENT TRAP 
REQUEST AND ACKNOWLEDGE 



The Z8000 CPU recognizes three interrupt inputs 
(non-maskable, vectored, and nonvectored) and a 
segmentation trap input. Any High-to-Low transition on the 
NMI in put is asynchronously edge detec ted and sets the 
internal NMI latch. The VI, NVI, and SEGT inputs, as well as 
the state of the internal NMI latch, are sampled at the end of 
T2 in the last machine cycle of any instruction. 

In response to an interrupt or trap, the subsequent IF-| cycle 
is exercised, but ignored. The internal state of the CPU is not 
altered and the instruction will be refetched and executed 
after the return from the interrupt routine. The program 
counter is not updated, but the system stack pointer is 
decremented in preparation for pushing starting information 
onto the system stack. 

The next machine cycle is the interrupt acknowledge cycle. 



This cycle has five automatic wait states, with additional wait 
states possible, as shown in Figure 14. 

After the last wait state, the CPU reads the information on 
AD0-AD15 and temporarily stores it, to be saved on the stack 
later in the acknowledge sequence. This word identifies the 
source of the interrupt or trap. For the nonvectored and 
nonmaskable interrupts, all 16 bits can represent peripheral 
device status information. For the vectored interrupt, the low 
byte is the jump vector, and the high byte can be extra user 
status. For the segmentation trap, the high byte is the 
Memory Management Unit identifier and the low byte is 
undefined. 

After the acknowledge cycle, the N/S output indicates the 
automatic change to system mode. 
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Figure 14. Interrupt and Segment Trap Request/Acknowledge Timing 



STATUS SAVING SEQUENCE 



The machine cycles, following the interrupt acknowledge or only); the flag control word; and finally the interrupt/trap 



segmentation trap acknowledge cycle, push the old status 
information on the system stack in the following order: the 
16-bit program counter; the 7-bit segment number (Z8001 



identifier. Subsequent machine cycles fetch the new 
program status from the program status area, and then 
branch to the interrupt/trap service routine. 



429 



BUS REQUEST ACKNOWLEDGE TIMING 



A Low on the BUSREQ input indicates to the CPU that 
another device is requestin g the Add ress/Data and control 
buses. The asynchronous BUSREQ input is syn chronized 
at the beginning of any machi ne cycle ( Figure 1 5). BUSREQ 
takes priority over WAI T. If BUSREQ is Low, an internal 
synchronous BUSREQ signal is generated, which— after 
completio n of the current machine cycle— causes the 
BUSACK output to go Low and all bus outputs to go into the 



high-impedance state. The requesting device— typically a 
DMA— can then control the bus. 



When BUSREQ is released, it is synchronized with the rising 
clock edge; the BUSACK output goes High one clock 
period later, indicating that the CPU will again take control of 
the bus. 
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Figure 15. Bus Request/ Acknowledge Timing 
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STOP 



The STOP input is sampled by the last falling clock edge 
immediately preceding any IF-| cycle (Figure 16) an d befo re 
the second word of an EPA instruction is fetched. If STOP is 
found Low during the IF-| cycle, a stream of m emor y refresh 
cycles is inserted after T3, again sampling the STOP input on 
each falling clock edge in the middle of the T 3 states. During 
the EPA instruction, both EPA instruction words are fetched 
but any data transfer or subsequent instruction fetch is 



postponed until STOP is sampled High. This refresh 
operation does not use the refresh prescaler or its 
divide-by-four clock prescaler; rather, it double-inc remen ts 
the refresh counter every three clock cycles. When STOP is 
found High again, the next refresh cycle is completed, any 
remaining T states of the IF-| cycle are then executed, and 
the CPU continues its operation. 
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Figure 16. Stop Timing 
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INTERNAL OPERATION 



Certain extended instructions, such as Multiply and Divide, 
and some special instructions need additional time for the 
execution of internal operations. In these cases, the CPU 
goes through a sequence of internal operation machine 



cycles, each of which is three to eight clock cycles long 
(Figure 1 7). This allows fast response to Bus Request and 
Refresh Request, because bus request or refresh cycles 
can be inserted at the end of any internal machine cycle. 
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Figure 17. Internal Operation Timing 



HALT 



A HALT instruction executes an unlimited number of 3-cycle 
internal operations, interspersed with memory refresh 
cycles whenever requested. An interrupt, segmentation 
trap, or reset are the only exits from a HALT instruction. 



The CPU samples the VI, NVI, NMI, and SEGT inputs at the 
beginning of every T3 cycle. If an input is found active during 
two consecutive samples, the subsequent IF1 cycle is 
exercised, but ignored, and the normal interrupt 
acknowledge cycle is started. 
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MEMORY REFRESH 



When the 6-bit prescaler in the refresh counter has been 
decremented to zero, a refresh cycle consisting of three 
T-states is started as soon as possible (that is, after the next 
IF-| cycle or Internal Operation cycle). 

The 9-bit refresh counter value is put on the low-order side of 
the address bus (ADo-ADs); ADg-AD^ are undefined 
(Figure 18). Since the memory is word-organized, Aq is 
always Low during refresh and the refresh counter is always 



incremented by two, thus stepping through 256 consecutive 
refresh addresses on AD-|-ADs. Unless disabled, the 
presettable prescaler runs continuously and the delay in 
starting a refresh cycle is therefore not cumulative. 

While the STOP input is Low, a continuous stream of memory 
refresh cycles, each three T-states long, is executed without 
using the refresh prescaler. 
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Figure 18. Memory Refresh Timing 



RESET 



A Low on the RESET input causes the following results within 
five clock cycles (Figure 1 9): 

■ ADo-AD-| 5 are3-stated 

■ AS, DS, MREQ, ST -ST 3 , BUSACK, and MO are forced 
High 

■ SN -SN 6 are forced Low 

■ Refresh is disabled 

■ R/W, B/W, and N/S are not affected 



When RESET has been High for three clock periods, three 
consecutive memory read cycles are executed in the system 
mode for the Z8001 . The Z8002 has two consecutive read 
cycles. In the Z8001 , the first cycle reads the flag and control 
word from location 0002, the next reads the 7-bit program 
counter segment number from location 0004, the next 
reads the 16-bit PC offset from location 0006, and the 
following IF-| cycle starts the program. In the Z8002, the first 
cycle reads the flag and control word from location 0002, 
the next reads the PC from location 0004, and the following 
IF-| cycle starts the program. 
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COMPOSITE AC TIMING DIAGRAM 



This composite timing dia- 
gram does not show actual 
timing sequences Refer to 
this diagram only for the 
____ detailed timing relationships 

"* |^" '" ' of individual edges Use the 

^^ preceding illustrations as an 

explanation of the various 
timing sequences 




N 



10 

a 



BYTE/WORD 



435 



AC CHARACTERISTICS! 








Z8001/ 


Z8001A/ 


Z8001B/ 








Z8002 


Z8002A 


Z8002B 


Number 


Symbol 


Parameter 


Min 


Max 


Min 


Max 


Min 


Max 


1 


TcC 


Clock Cycle Time 


250 


2000 


165 


2000 


100 


2000 


2 


TwCh 


Clock Width (High) 


105 


1895 


70 


1930 


40 


1960 


3 


TwCI 


Clock Width (Low) 


105 


1895 


70 


1930 


40 


1960 


4 


TfC 


Clock Fall Time 




20 




10 




10 


5 


TrC 


Clock Rise Time 




20 




15 




10 


6 


TdC(SNv) 


Clock t to Segment Number Valid (50 pf load) 




130 




110 




90 


7 


TdC(SNn) 


Clock t to Segment Number Not Valid 


20 




10 









8 


TdC(Bz) 


Clock t to Bus Float 




65 




55 




50 


9 


TdC(A) 


Clock t to Address Valid 




100 




75 




55 


10 


TdC(Az) 


Clock t to Address Float 




65 




55 




50 


11 


TdA(DR) 


Address Valid to Read Data Required Valid 




475* 




305* 




180* 


12 


TsDR(C) 


Read Data to Clock 4 Setup time 


30 




20 




10 




13 


TdDS(A) 


DSt to Address Active 


80* 




45* 




20* 




14 


TdC(DW) 


Clock t to Write Data Valid 




100 




75 




60 


15 


ThDR(DS) 


Read Data to DS t Hold Time 

















16 


TdDW(DS) 


Write Data Valid to DS t Delay 


295* 




195* 




110* 




17 


TdA(MR) 


Address Valid to MREQ 4 Delay 


55* 




35* 




20* 




18 


TdC(MR) 


Clock 4 to MREQ 4 Delay 




80 




70 




50 


19 


TwMRh 


MREQ Width (High) 


210* 




135* 




80* 




20 


TdMR(A) 


MREQ 4 to Address Not Active 


70* 




35* 




20* 




21 


TdDW(DSW) 


Write Data Valid to DS 4 (Write) Delay 


55* 




35* 




15* 




22 


TdMR(DR) 


MREQ 4 to Read Data Required Valid 




370* 




230* 




140* 


23 


TdC(MR) 


Clock 4 MREQ t Delay 




80 




60 




50 


24 


TdC(ASf) 


Clock t to AS 4 Delay 




80 




60 




45 


25 


TdA(AS) 


Address Valid to AS t Delay 


55* 




35* 




20* 




26 


TdC(ASr) 


Clock 4 to AS t Delay 




90 




80 




45 


27 


TdAS(DR) 


AS t to Read Data Required Valid 




360* 




220* 




140* 


28 


TdDS(AS) 


DSt to AS 4 Delay 


70* 




35* 




15* 




29 


TwAS 


AS Width (Low) 


85* 




55* 




30* 




30 


TdAS(A) 


AS t to Address Not Active Delay 


70* 




45* 




20* 




31 


TdAz(DSR) 


Address Float to DS (Read) 4 Delay 

















32 


TdAS(DSR) 


AS t to DS (Read) 4 Delay 


80* 




55* 




30* 




33 


TdDSR(DR) 


DS (Read) 4 to Read Data Required Valid 




205* 




130* 




70* 


34 


TdC(DSr) 


Clock 4 to DS t Delay 




70 




65 




50 


35 


TdDS(DW) 


DSt to Write Data Not Valid 


75* 




45* 




25* 




36 


TdA(DSR) 


Address Valid to DS (Read) 4 Delay 


180* 




110* 




65* 




37 


TdC(DSR) 


Clock t to DS (Read) 4 Delay 




120 




85 




65 


38 


TwDSR 


DS (Read) Width (Low) 


275* 




185* 




110* 




39 


TdC(DSW) 


Clock 4 to DS (Write) 4 Delay 




95 




80 




65 


40 


TwDSW 


DS (Write) Width (Low) 


185* 




110* 




75* 




*Clock-cycle time-dependent characteristics. See Footnotes to AC Characteristics 
fUnits in nanoseconds (ns) 
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AC CHARACTERISTICSf (Continued) 



Number Symbol 



Parameter 



Z8001/ 

Z8002 

Min Max 



Z8001A/ 

Z8002A 

Min Max 



Z8001B/ 

Z8002B 

Min Max 



41 


TdDSI(DR) 


DS (I/O) i to Read Data Required Valid 




330* 




210* 




120* 


42 


TdC(DSf) 


Clock I to DS (I/O) 1 Delay 




120 




90 




65 


43 


TwDS 


DS (I/O) Width (Low) 


410* 




255* 




160* 




44 


TdAS(DSA) 


AS t to DS (Acknowledge) 1 Delay 


1065* 




690* 




410* 




45 


TdC(DSA) 


Clock t to DS (Acknowledge) 1 Delay 




120 




85 




70 


46 


TdDSA(DR) 


DS (Acknowledge) I to Read Data Required 
Delay 




455* 




295* 




165* 


47 


TdC(S) 


Clock t to Status Valid Delay 




110 




85 




65 


48 


TdS(AS) 


Status Valid to AS t Delay 


50* 




30* 




20* 




49 


TsR(C) 


RESET to Clock t Setup Time 


180 




70 




50 




50 


ThR(C) 


RESET to Clock t Hold Time 

















51 


TwNMI 


NMi Width (Low) 


100 




70 




50 




52 


TsNMI(C) 


NMI to Clock t Setup Time 


140 




70 




50 




53 


TsVI(C) 


Vl, NVIto Clock t Setup Time 


110 




50 




40 




54 


ThVI(C) 


VI, NVI to Clock t Hold Time 


20 




20 




10 




55 


TsSGT(C) 


SEGT to Clock t Setup Time 


70 




55 




40 




56 


ThSGT(C) 


SEGT to Clock t Hold Time 

















57 


TsMI(C) 


Ml to Clock t Setup Time 


180 




140 




80 




58 


ThMI(C) 


Ml to Clock t Hold Time 

















59 


TdC(MO) 


Clock t to MO Delay 




120 




85 




80 


60 


TsSTP(C) 


STOP to Clock i Setup Time 


140 




100 




50 




61 


ThSTP(C) 


STOP to Clock 1 Hold Time 

















62 


TsW(C) 


WAIT to Clock I Setup Time 


50 




30 




20 




63 


ThW(C) 
TsBRQ(C) 


WAIT to Clocks Hold Time 


10 
90 




10 
80 




5 
60 




64 


BUSREQ to Clock t Setup Time 




65 


ThBRQ(C) 


BUSREQ to Clock t Hold Time 


10 




10 




5 






TdC(BAKr) 






100 




75 






66 


Clock t to BUSACKt Delay 


65 


67 


TdC(BAKf) 


Clock t to BUSACfU Delay 




100 




75 




65 


68 


TwA 


Address Valid Width 


150* 




95* 




50* 




69 


TdDS(S) 


DSf to STATUS Not Valid 


80" 




55 A 




30* 





* Clock-cycle time-dependent characteristics. See Footnotes to AC Characteristics. 
tUnits in nanoseconds (ns). 
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FOOTNOTES TO AC CHARACTERISTICS 







Z8001/Z8002 




Z8001A/Z8002A 


Z8001B/Z8002B 


Number 


Symbol 


Equation 




Equation 




Equation 


11 


TdA(DR) 


2TcC + TwCh - 


- 130 ns 


2TcC + TwCh - 


- 95 ns 


2TcC + TwCh - 60 ns 


13 


TdDS(A) 


TwCI - 25 ns 




TwCI - 25 ns 




TwCI - 20 ns 


16 


TdDW(DS) 


TcC + TwCh - 


60 ns 


TcC + TwCh - 


40 ns 


TcC + TwCh - 30 ns 


17 


TdA(MR) 


TwCh - 50 ns 




TwCh - 35 ns 




TwCh - 20 ns 


19 


TwMRh 


TcC - 40 ns 




TcC - 30 ns 




TcC - 20 ns 


20 


TdMR(A) 


TwCI - 35 ns 




TwCI - 35 ns 




TwCI - 20 ns 


21 


TdDW(DSW) 


TwCh - 50 ns 




TwCh - 35 ns 




TwCh - 25 ns 


22 


TdMR(DR) 


2TcC - 130 ns 




2TcC - 100 ns 




2TcC - 60 ns 


25 


TdA(AS) 


TwCh - 50 ns 




TwCh - 35 ns 




TwCh - 20 ns 


27 


TdAS(DR) 


2TcC - 140 ns 




2TcC - 110 ns 




2TcC - 60 ns 


28 


TdDS(AS) 


TwCI - 35 ns 




TwCI - 35 ns 




TwCI - 25 ns 


29 


TwAS 


TwCh - 20 ns 




TwCh - 15 ns 




TwCh - 10 ns 


30 


TdAS(A) 


TwCI - 35 ns 




TwCI - 25 ns 




TwCI - 20 ns 


32 


TdAS(DSR) 


TwCI - 25 ns 




TwCI - 15 ns 




TwCI - 10 ns 


33 


TdDSR(DR) 


TcC + TwCh - 


150 ns 


TcC + TwCh - 


105 ns 


TcC + TwCh - 70 ns 


35 


TdDS(DW) 


TwCI - 30 ns 




TwCI - 25 ns 




TwCI - 1 5 ns 


36 


TdA(DSR) 


TcC - 70 ns 




TcC - 55 ns 




TcC - 35 ns 


38 


TwDSR 


TcC + TwCh - 


80 ns 


TcC + TwCh - 


50 ns 


TcC + TwCh - 30 ns 


40 


TwDSW 


TcC - 65 ns 




TcC - 55 ns 




TcC - 25 ns 


41 


TdDSI(DR) 


2TcC - 170 ns 




2TcC - 120 ns 




2TcC - 80 ns 


43 


TwDS 


2TcC - 90 ns 




2TcC - 75 ns 




2TcC - 40 ns 


44 


TdAS(DSA) 


4TcC + TwCI - 


40 ns 


4TcC + TwCI - 


40 ns 


4TcC + TwCI - 30 ns 


46 


TdDSA(DR) 


2TcC + TwCh - 


- 150 ns 


2TcC + TwCh - 


- 105 ns 


2TcC + TwCh - 75 ns 


48 


TdS(AS) 


TwCh - 55 ns 




TwCh - 40 ns 




TwCh - 30 ns 


68 


TwA 


TcC - 90 ns 




TcC - 70 ns 




TcC - 50 ns 


69 


TdDS(s) 


TwCI - 25 ns 




TwCI - 15 ns 




TwCI - 1 ns 



AC Timing Test Conditions 
V 0L = 0.8V 
V H = 2 0V 
V| L = 8V 
V| H = 2 4V 
V| LC = 0.45V 
V|HC = V CC -0.4V 
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ABSOLUTE MAXIMUM RATINGS 



Voltages on all pins with respect 

toGND -0.3V to + 7.0V 

Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°Cto + 150°C 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage fo the device. This is a stress rating only; 
operation of the device at any condition above those indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability 



STANDARD TEST CONDITIONS 



The DC characteristics below apply for the following test 
conditions, unless otherwise noted. All voltages are 
referenced to GND (0V). Positive current flows into the 
referenced pin. 

Available operating temperature ranges are: 

■ S = 0°Cto +70°C, + 4.75V <V C c< + 5.25V 

■ E = -40°Cto +85°C, + 4.75V <V CC < + 5.25V 

■ L = -55°Cto+110°C, +4.5V<V C c< + 5.5V 

All ac parameters assume a total load capacitance 
(including parasitic capacitances) or 100 pf max, except for 
parameter 6 (50 pf max). Timing references between two 
output signals assume a load difference of 50 pf max. 



FROM OUTPUT <-. 
UNDER TEST ^ 




100pf ztz 



The Ordering Information section lists package temperature 
ranges and product numbers. Package drawings are in the 
Package Information section. Refer to the Literature List for 
additional documentation. 



M 
00 

§ 
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DC CHARACTERISTICS 



Symbol Parameter 



Min 



Max 



Unit 



Condition 



Vqh Clock Input High Voltage 

Vql Clock Input Low Voltage 

V|H Input High Voltage 



V|H RESET ' n P ut High Voltage on RESET pin 

ViHNMI Input High Voltage on NM I pin 

V|i_ Input Low Voltage 

Vqh Output High Voltage 

Vol Output Low Voltage 

lll_ Input Leakage 

•iLSEGT Input Leakage on SEGT pin 

Iql Output Leakage 

ICC v cc Power Supply Current 



Vcc-0.4 


V C C + 0.3 


V 


Driven by External Clock Gene 


-0.3 


0.45 


V 


Driven by External Clock Gene 


2.0 


V C C + 0.3 


V 




2.4 


V C C + 0.3 


V 




2.4 


Vcc + 3 


V 




-0.3 


0.8 


V 




2.4 




V 


Ioh = -250 M A 




0.4 


V 


Iol = + 2.0 mA 




±10 


^ 


0.4<V| N < + 2.4V 


-100 


100 


ma 






±10 


IaA 


0.4<V| N < + 2.4V 




300 


mA 


4 MHz and 6 MHz commercial 




400 


mA 


Extended temperature range 




400 


mA 


10 MHz speed range 
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ORDERING INFORMATION 



Z8001 Segmented CPU, 4.0 MHz 
40-pin DIP 68-pin LCC 

Z8001 PS Z8001 LL*f 

Z8001 CS Z8001 LLB*t 

Z8001 PE 
Z8001 CE 
Z8001 CL* 
Z8001 CLB* 

Z8001 A Segmented CPU, 6.0 MHz 
40-pin DIP 68-pin LCC 

Z8001APS Z8001ALL*t 

Z8001ACS Z8001ALLB*f 

Z8001APE 

Z8001ACE 

Z8001ACL* 

Z8001ACLB* 

Z8001B Segmented CPU, 10.0 MHz 
48-pin DIP 68-pin LCC 

Z8001BPS Z8001BLL* 

Z8001BCS Z8001BLLB*f 

Z8001BPE 

Z8001BCE 

Z8001BCL* 

Z8001BCLB* 



Z8002 Nonsegmented CPU, 4.0 MHz 
40-pin DIP 44-pin LCC 44-pin PCC 

Z8002 PS Z8002 LL * Z8002 VS 

Z8002CS Z8002LLB*f 

Z8002 PE 

Z8002 CE 

Z8002CL* 

Z8002CLB* 

Z8002CLJ* 

Z8002A Nonsegmented CPU, 6.0 MHz 
40-pin DIP 44-pin LCC 44-pin PCC 

Z8002 A PS Z8002 A LL * Z8002A VS 

Z8002ACS Z8002ALLB*f 

Z8002A PE 

Z8002ACE 

Z8002ACL* 

Z8002ACLB* 

Z8002ACLJ* 

Z8002B Nonsegmented CPU, 10.0 MHz 
40-pin DIP 44-pin LCC 

Z8002B PS Z8002B LL* 

Z8002BCS Z8002BLLB*t 

Z8002B PE 

Z8002BCE 

Z8002BCL* 

Z8002BCLB* 



Codes 



First letter is for package; second letter is for temperature. 



c 
p 

L 
V 


= Ceramic DIP 
= Plastic DIP 
= Ceramic LCC 
= Plastic PCC 


TEMPERATURE 
S = 0°Cto+70°C 
E = -40°Cto+85°C 
M*= -55°Cto+125°C 
L*= -55°Cto+110°C 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 

FLOW 

B = 883 Class B 

J = JAN 38510 Class B 



Example: PS is a plastic DIP, 0°C to +70°C. 

tAvailablesoon. 

* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications 
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Z8003/4Z8000® VMPU 
Virtual Memory 
Processing Unit 



Zilog 



Product 
Specification 



April 1985 



FEATURES 

■ Regular, easy-to-use architecture. 

■ Instruction set more powerful than many minicomputers. 

■ Direct addressing capability of up to 8 Mbytes in each 
address space. 

■ Supports implementation of virtual memory systems. 

■ Eight user-selected addressing modes. 

■ Wide range of data types including bits, bytes, words, 
32-bit long words, and byte and word strings. 

■ Code-compatible with Z8001 12 CPUs. 



Separate System and Normal operating modes. 

Sophisticated interrupt structure. 

Resource-sharing capabilities for multiprocessing 
systems. 

Multi-programming support. 

32-bit operations, including signed multiply and divide. 

Z-BUS® compatible. 

Multiple clock rates: 4, 6, or 1 MHz. 



N 

1 

< 
3 

3 



GENERAL DESCRIPTION 

The Virtual Memory Microprocessor Units (Z8003 and 
Z8004 Z-VMPUs) accommodate applications that range 
from the simplest to the most complex. 

The Z8003 Z-VMPU uses both segmented and non- 
segmented address spaces. It also provides facilities for the 
implementation of demand segment swapping or a de- 
mand paged virtual memory system. 

The Z8004 Z-VMPU uses only nonsegmented address 
spaces. It also provides facilities for the implementation of a 
demand paged virtual memory system. 

Both Z-VMPUs interface with the entire Z8000 Family of sup- 
port components. Used alone or with Z8000 Family compo- 
nents, the advanced architecture of these LSI Z-VMPUs 
permits the implementation of systems that have the flexibil- 
ity and the sophisticated features usually associated with 
minicomputers or mainframe computers. 



The Z8003/4 microprocessors are code compatible with 
other Z8000 Family microprocessors. The features that dis- 
tinguish these microprocessors from the Z8001 and Z8002 
microprocessors are the abort capability and the Test and 
Set status. 

An abort request function aids in the implementation of vir- 
tual memory systems. The abort function is initiated by 
memory management circuitry external to the Z-VMPU 
when an address issued by the Z-VMPU references infor- 
mation (data or instructions) that is not in main memory. After 
the abort interrupt function, a service routine must bring the 
page or segment containing the addressed data into main 
memory. The mainstream program is then restarted at the 
point of interruption. An abort interrupt differs from a stand- 
ard interrupt in that the executing instruction is stopped im- 
mediately upon detection of the interrupt; this prevents the 
loss of infor mation needed for a successful restart. 
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The Test and Set instruction (TSET), in addition to its 
semaphore test and set function, causes status code 
1111 to be placed onto output lines ST0-ST3 during the 
data read bus transaction. It can be used by external cir- 
cuitry to lock memory to prevent it from being accessed 
by any other device during the execution of the current 
TSET instruction. 

The architectural features of the Z-VMPU combine to 
produce a powerful and versatile microprocessor. These 
features result in the following benefits: 

■ High-density code 

■ Efficient compilation of programs 

■ Support for typical operating system operations 

■ Complex data structures 

■ Large-scale virtual memory systems 



The Z-VMPU is designed so that a powerful memory 
management system can be used to improve the utiliza- 
tion of the main memory either as a standard memory or 
as a virtual memory configuration. Zilog produces 
Memory Management Units (Z-MMUs) designed for use 
with the Z8003 Z-VMPU to implement both virtual and 
nonvirtual memory systems. 

The architectural resources of the Z-VMPUs include six- 
teen 16-bit registers, seven data types (ranging from bits 
to 32-bit words, and byte and word strings), eight ad- 
dressing modes, and a powerful instruction set. 

A general mechanism has been provided for extending 
the basic instruction set through the use of external 
devices called Extended Processing Units (EPUs). In 
general, an EPU is dedicated to performing complex and 
time-consuming tasks (such as floating-point arithmetic) 
so as to unburden the Z-VMPU. Figure 1 shows a 
simplified block diagram of the Z-VMPU. 



INSTRUCTION 
REGISTER 



AL 



INSTRUCTION 
DECODER 



INSTRUCTION 
ENCODER 



} 
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ALU 
CONTROL 



n^ 



REGISTER 
CONTROL 



ARITHMETIC 

AND 
LOGIC UNIT 



INTERNAL BUS 



H 



CPU 
CONTROL 
REGISTER 



LOOKAHEAD 

INSTRUCTION DECODER 

AND 

ACCELERATOR 



a 



9 



TE 



<y 



REGISTER 
FILE 



o 



ADDRESS/ 

DATA 
REGISTER 



H 



# 



> 



5 



INCREMENTERBY2 



PROGRAM COUNTER OFFSET 
REFRESH COUNTER 



} 



ADDRESS/ 
DATA BUS 
AD0-AD15 



SEGMENT 
ADDRESS 
SN0-SN7 



PROGRAM 
BUS 



Figure 1. Block Diagram 
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ARCHITECTURE 



General-Purpose Registers 

The Z-VMPU is a register-oriented machine that contains 
sixteen 16-bit general-purpose registers. All general- 
purpose registers can be used as accumulators and all 
but one can be used as index registers or memory 
pointers. 

Register flexibility is created by grouping and overlap- 
ping multiple registers (Figure 2). For byte operations, 
the first eight 16-bit registers can be treated as sixteen 
8-bit registers. The sixteen 16-bit registers can also be 
grouped in pairs to form eight 32-bit long-word registers. 
Similarly, the register set can be grouped in quadruples 
to form four 64-bit registers. 

Stacks. Z-VMPUs can use stacks located anywhere in 
main memory. Call and Return instructions, as well as in- 
terrupts and traps, use an implied stack. Two stack 
pointers are available, the System Stack Pointer and the 
Normal Stack Pointer. The two stacks separate 
operating system (System mode) information from ap- 
plication program (Normal mode) information. The user 
can manipulate the Stack Pointer with any instruction 
available for register operations because the Stack 
Pointer is part of the general-purpose register group. 

In the Z8003 Z-VMPU, register pair RR14 is the implied 
Stack Pointer for segmented operation. Register R14 
contains the 7-bit segment number and R15 contains the 
16-bit offset. Register R15 is used as the Stack Pointer 
during nonsegmented operation. Since the Z8004 runs 
only in the nonsegmented mode, register R15 is used as 
the Stack Pointer. 



Special-Purpose Registers 

The Z-VMPUs also provide 16-bit special-purpose 
registers. These registers include Program Status 
registers, Program Status Area Pointer register(s), and a 
Refresh Counter. The configurations of the special- 
purpose registers for the Z8003 and Z8004 Z-VMPUs are 
shown in Figure 3. 

Program Status Registers. This group of registers con- 
sists of the Program Counter (PC) register and the Flag 
and Control Word (FCW) register. The PC register con- 
tains the address of the next instruction to be loaded into 
the CPU. The low-order byte of the FCW register con- 
tains the following flags: 

C, Carry flag, is used to indicate that a carry was made 
out of the high-order bit position of a register used as an 
accumulator. 

Z, Zero flag, is generally used to indicate that the result 
of an operation was zero. 

S, Sign flag, is generally used to indicate that the result 
of an operation was negative. 

P/V, Parity/Overflow flag, is generally used to indicate 
either even parity (after logical operations on byte 
operands) or an overflow condition (after arithmetic 
operations). 

D, Decimal-Adjust flag, is used in BCD arithmetic to in- 
dicate the type of instruction that was executed (addition 
or subtraction). 



N 

§ 

< 



R0|7 RHO 0(7 RLO o| 




R1 1 15 RH1 j RL1 0| 




R2 | RH2 ; RL2 | 




R3 | RH3 j RL3 | 




R4 I RH4 j RL4 | 




R5 | RH5 j RLS | 




R6 | RH6 > RL6 | 




R7 | RH7 j RL7 | 



R8 |15 



R11 [__ 



X 



SYSTEM STACK POINTER (SEG NO.) 



R14 | (NSPSEG) NORMAL STACK POINTER (SEG. NO.) 



R 1S' | SYSTEM STACK POINTER (OFFSET) 

R15 | (NSPOFF) NORMAL STACK POINTER (OFFSET)~ 



? 



? 



OtNtKAL 
PURPOSE 
REGISTERS 



| RHO j7 RLO o| 




| RH1 j RL1 | 




| RH2 j RL2 | 




| RH3 j RL3 | 




| RH4 j RL4 | 




| RH5 | RL5 | 




| RH6 | RL6 | 




| RH7 | RL7 | 



B8 [T] 



SYSTEM STACK POINTER (OFFSET) 



NORMAL STACK POINTER (OFFSET) 



P 



Z8003 



Z8004 



Figure 2. Z-VMPU General-Purpose Registers 
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H, Half Carry flag, is used to convert the binary result of 
a previous addition or subtraction into the correct 
decimal (BCD) result. 

The high-order byte of the FCW register contains control 
bits which are used to control the Z-VMPU operating 
modes and to enable various types of interrupts. The 
following control bits are contained in the FCW: 

NVIE, Nonvectored Interrupt Enable bit This bit must 
be 1 to enable the Z-VMPU to accept non-vectored inter- 
rupts. 

VIE, Vectored Interrupt Enable bit This bit must be 1 
to enable the Z-VMPU to accept vectored interrupts. 

S/N, System/Normal bit This bit indicates the current Z- 
VMPU operating mode. When 0, S/N specifies Normal 
mode; when 1 , S/N specifies System mode. The Z-VMPU 
output N/S represents the complement of this bit. 

EPA, Extended Processor Architecture mode bit. This 
bit, when 1 , indicates that the system contains an Extended 
Processing Unit (EPU) and extended instructions are to be 
executed by the appropriate EPU. When 0, this bit specifies 
that extended instructions will be trapped for software emu- 
lation. 

SEG, Segmentation mode bit (Z8003 only). When 1 , this 
bit specifies that the Z-VMPU is in segmented addressing 
mode; when it specifies that the Z-VMPU is in the non- 
segmented addressing mode. 



Program Status Area Pointer (PSAP) Register. A Pro- 
gram Status Area (PSA) array in main memory is used to 
store new program status information (i.e., sets of FCW 
and PC values). Each time an interrupt or trap occurs, 
the current program status is saved and a new program 
status is loaded into the status registers from the Pro- 
gram Status Area. The address of the table that contains 
new program status values is contained in a Program 
Status Area Pointer (PSAP) register (Figure 4). The low- 
order byte of the offset address is assumed to be all 
zeros; therefore, the Program Status Area must start on 
a 256-byte boundary. 

Refresh Register. The Z-VMPU contains a program- 
mable counter that automatically refreshes dynamic 
memory. The Refresh Counter register consists of a 9-bit 
row counter, a 6-bit rate counter, and an Enable bit 
(Figure 5). The 9-bit row counter can address up to 256 
rows and is incremented by two each time the rate 
counter reaches end-of-count. The rate counter deter- 
mines the time between successive refreshes. It con- 
sists of a programmable, 6-bit modulo-n prescaler (n = 
1-64), driven at one-fourth the Z-VMPU clock rate. 
Refresh can be disabled by programming the refresh 
Enable/Disable bit. If this register is not needed for 
memory refresh, it can function as an on-board internal 
timer. 
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Figure 4. Program Status Area 
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Figure 3. Program Status Registers 
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Figure 5. Refresh Register/Counter 
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2084-003, 004 , 005 



SYSTEM AND NORMAL MODES 

The Z-VMPUs can run in either System or Normal mode. 
In System mode, all instructions can be executed and all 
Z-VMPU control registers can be accessed. This mode is 
useful in programs that perform operating system func- 
tions. 

In Normal mode, some instructions, such as the I/O in- 
structions, cannot be executed. In addition, the Z-VMPU 
control registers cannot be accessed. This mode is in- 
tended for use by application (user) programs. 



The use of separate Z-VMPU System and Normal modes 
promotes the integrity of the system by preventing user 
programs from having access to the operating system 
and the control registers. The current operating mode is 
specified by the S/N bit of the FCW register. The comple- 
ment of the state of this bit is output by the Z-VMPU on 
line N/S. Output N/S can be used to separate System and 
Normal address spaces. 



ADDRESS SPACES 



Programs and data can be located in the main memory 
of the computer system or in peripheral devices. In 
either case, the location of the information must be 
specified by an address before that information can be 
accessed. A set of these addresses is called an address 
space. 

The Z-VMPUs support two different types of addresses 
and thus two categories of address space: 

■ Memory addresses, which specify locations in main 
memory. 

■ I/O addresses, which specify the ports through 
which peripheral devices are accessed. 

Within the two general types of address spaces (memory 
and I/O), there are several subcategories. Figure 6 
shows the address spaces that are available on both 
types of Z-VMPUs. 

The difference between the Z8003 and the Z8004 
Z-VMPUs lies not in the number and type of address 
spaces, but rather in the organization and size of each 
space. For the Z8003, the memory address space con- 
tains 8M bytes of addresses grouped into 128 separate 
segments. For the Z8004, the memory space is a 
homogeneous collection of 64K bytes of addresses. In 
both the Z8003 and the Z8004, each I/O address space 
contains 32K byte port addresses and 64K word port ad- 



When an address is used to access data, the address 
spaces can be distinguished by the state of the status 
lines (ST0-ST3) and by the value of the Normal/System 
line (N/S). The states of the four status lines are deter- 
mined byjhe way the address was generated. The value 
of the N/S output line is the complement of the S/N con- 
trol bit in the FCW register. 

The 23-bit segmented addresses are divided into 7-bit 
segment identifiers (segment numbers) and 16-bit off- 
sets to address locations relative to the beginning of the 
specified segment. In hardware, segmented addresses 
are contained in a register pair or in a long-word memory 
location. The segment number and offset of an address 
can be manipulated separately or together by all 
available word and long word operations. 



In an instruction, a segmented address can have one or two 
representations; long-offset or short-offset. A long-offset ad- 
dress occupies two words, with the first word containing the 
7-bit segment number and the second word containing the 
1 6-bit offset. A short-offset address requires only one word, 
which combines the 7-bit segment number with an 8-bit off- 
set (range 0-256). The short-offset mode allows very dense 
encoding of addresses and minimizes the need for long ad- 
dresses to directly access each 8M byte address space. 

Nonsegmented addresses are 1 6 bits and permit access of 
up to 64K of contiguous byte locations. 

The Z8004 operates only in the nonsegmented address 
mode. The Z8003 can operate in either the segemented or 
nonsegmented address mode. When the Z8003 is in non- 
segmented mode, all address representations assume im- 
plicitly the segment number contained in the 7-bit segment 
number field of the PC. 

I/O Addresses 

There is a set of I/O instructions that performs 8- or 1 6-bit 
transfers between a Z-VMPU and its I/O devices. I/O devices 
are addressed with 16-bit I/O port addresses. An I/O port 
address is similar to a memory address; however, the I/O ad- 
dress space is not part of the memory address space. 
Memory-mapped I/O can be implemented by dedicating 
memory locations to I/O device registers. Two types of I/O 
instruction are available: Standard and Special. Each type 
has its own address space. Special I/O instructions are used 
for loading and unloading memory management units. 
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Figure 6. Address Spaces on the Z8003 and Z8004 
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INSTRUCTION ADDRESSING MODES 



The information included in Z-VMPU instructions con- 
sists of the function to be performed, the type and size of 
data elements to be manipulated, and the locations of 
the data elements. Locations are designated by register 
addresses, memory addresses, or I/O addresses. The 
addressing mode of a given instruction defines the 
method used to compute the address. Addressing 
modes are explicitly specified or implied by the instruc- 
tion. Locations are designated using one of the following 
addressing modes: 

■ Register Mode (R). The data element is located in 
one of the 16 general-purpose registers or a control 
register. 

■ Immediate Mode (IM). The data element is located 
in the instruction. 

■ Indirect Register Mode (IR). The data element can 
be found in the location whose address is given in a 
specified register. 



Direct Address Mode (DA). The data element can 
be found in the location whose address is given in 
the instruction. 

Index Mode (X). The data element can be found in 
the location whose address is the sum of the con- 
tents of an index value in a specified register and an 
address in the instruction. 

Relative Address Mode (RA). The data element 
can be found in the location whose address is the 
sum of the contents of the Program Counter and a 
displacement given in the instruction. 

Base Address Mode (BA). The data element can be 
found in the location whose address is the sum of a 
base address in a specified register and a displace- 
ment given in the instruction. 

Base Index Mode (BX). The data element can be 
found in the location whose address is the sum of a 
base address in one specified register and an index 
value in a second specified register. 



INSTRUCTION SET 



Major Groups 

The major groups of instructions provided by the 
Z-VMPU are described in the following paragraphs. A 
detailed summary of the instructions is presented in 
Table 3 (located at the back of this document). 

Load and Exchange. These instructions move data 
among registers or between registers and main memory. 

Arithmetic. These instructions perform integer 
arithmetic. The basic instructions (e.g., add, subtract, 
multiply and divide) in this group use standard two's 
complement binary format. Support is also provided for 
implementing BCD arithmetic. 

Logical. These instructions perform logical operations 
(i.e., AND, OR, XOR, and complementation) on the bits of 
specified operands. The operands can be bytes or 
words. The Test Long (TESTL) instruction, however, per- 
mits logical operations to be performed on 32-bit quan- 
tities. 

Program Control. These instructions affect the Pro- 
gram Counter, thereby controlling program flow. 

Bit Manipulation. These instructions manipulate in- 
dividual bits in registers or main memory. 

Rotate and Shift. These instructions shift and rotate the 
contents of registers. 

Block Transfer and String Manipulation. These in- 
structions perform string comparisons, string transla- 
tions, and block transfer functions. 



Input/Output. These instructions transfer bytes, words, 
or blocks of data between peripheral devices and the 
Z-VMPU registers or main memory. 

Z-VMPU Control. These instructions modify Z-VMPU 
control and status registers or perform those functions 
that do not fit into any of the preceding instruction 
groups. 

Extended. These instructions perform Extended Pro- 
cessor Unit (EPU) internal operations, data transfers be- 
tween memory and EPU, data transfers between EPU 
and the Z-VMPU, and data transfers between EPU flag 
registers and the Z-VMPU Flag And Control Word (FCW). 

Processor Flags 

The processor flags contained by the program status 
registers provide a link between sequentially executed 
instructions. The link is provided in the sense that the 
result of executing one instruction may alter one or more 
flags. The new flag values (states) can then be used to 
determine the operation of a subsequent instruction 
(typically a conditional jump instruction). The following 
six flags are available for use by the programmer and the 
processor: 

■ Carry (C) 

■ Zero(Z) 

■ Sign (S) 

■ Parity/Overflow (P/V) 

■ Decimal-Adjust (D) 

■ Half Carry (H) 
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Table 1. Condition Codes 






CC Field 


Code Meaning 


Flag Settings 


Binary 


Hex 


F Always false 


— 


0000 





T Always true 


— 


1000 


8 


Z Zero 


Z = 1 


0110 


6 


NZ Not zero 


Z = 


1110 


E 


C Carry 


C = 1 


0111 


7 


NC No carry 


C = 


1111 


F 


PL Plus 


S = 


1101 


D 


Ml Minus 


S = 1 


0101 


5 


NE Not equal 


Z = 


1110 


E 


EQ Equal 


Z = 1 


0110 


6 


OV Overflow 


PA/ = 1 


0100 


4 


NOV No overflow 


PA/ = 


1100 


C 


PE Parity is even 


P/V = 1 


0100 


4 


PO Parity is odd 


PA/ = 


1100 


C 


GE Greater than or equal (signed) 


(S XOR PA/) = 


1001 


9 


LT Less than (signed) 


(S XOR PA/) = 1 


0001 


1 


GT Greater than (signed) 


[Z OR (S XOR P/V)] = 


1010 


A 


LE Less than or equal (signed) 


[Z OR (S XOR P/V)] = 1 


0010 


2 


UGE Unsigned greater than or equal 


C = 


1111 


F 


ULT Unsigned less than 


C = 1 


0111 


7 


UGT Unsigned greater than 


[(C = 0) AND (Z = 0)] = 1 


1011 


B 


ULE Unsigned less than or equal 


(C OR Z) = 1 


0011 


3 


Note: Some condition codes have identical flag settings and binary fields in the instruction, i.e., Z = EQ, 


NZ = NE, C = ULT, NC 


; = UGE, OV = PE, 


NOV = PO. 









Condition Codes 

Flags C, Z, S, and P/V are used to control the operation 
of conditional instructions (such as Conditional Jump). 
The operations performed by this type of instruction de- 
pend on whether or not a specified Boolean condition ex- 



ists on the four flags. Sixteen functions of the flag set- 
tings found to be frequently used are encoded in a 4-bit 
condition code (CC) field, which forms a part of all condi- 
tional instructions. These 16 codes are described in 
Table 1. 
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MULTI-MICROPROCESSOR RESOURCE 
CONTROL 



The Z8003 and Z8004 Z-VMPUs include both hardware 
and software support for controlling access to shared 
resources in multi-microprocessor systems. Z-VMPU 
pins Ml (Multi-Micro in) and MO (Multi-Micro Out) and in- 
structions MSET (Set MO), MREQ (access request), 
MBIT (Test Ml), and MRES (reset MO) can be used to 



form a prioritized resource access control system. Such 
a system would, for a Z-VMPU, 1) issue requests for ac- 
cess to a shared resource, 2) test the access status for 
the resource (available/not available) and 3) when ac^ 
cess is granted, exclude all other Z-VMPUs in the system 
from the resource until use of the resource is complete. 
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TEST AND SET INSTRUCTION (TSET) 



The TSET instruction implements synchronization 
mechanisms in multiprogramming and multiprocessing 
environments. TSET tests and sets semaphores that 
control access to shared resources. The testing and set- 
ting of a semaphore requires the semaphore to be read 
from memory, modified, then written back into the same 
memory location. To prevent other processors from re- 
questing access to a resource during a test and set pro- 
cess, status code 1111 is placed onto status lines 
ST0-ST3 during the data read transaction to specify that 



an uninterruptable memory operation is taking place. 
Status code 1111 is particularly useful in a multiple 
microprocessor environment to permit external circuitry 
to preclude memory access by another device between 
the read transaction and the write transaction of the test 
and set operation. Request input BUSREQ is also dis- 
abled during a test and set operation to ensure that the 
test and set operation is not interrupted; this action is 
useful in a single-processor system. 



EXTENDED PROCESSING ARCHITECTURE 



The Z-VMPU has an Extended Processing Architecture 
(EPA) facility which extends the basic functions of the 
Z-VMPU by using external devices called Extended Pro- 
cessing Units (EPUs). A special set of extended instruc- 
tions controls the operations to be performed by each 
EPU. When a Z-VMPU encounters an extended instruc- 



tion, it either traps the instruction, or it performs the data 
transfer portion of the instruction. The data manipulation 
portion of the instruction is executed by the involved 
EPU. Whether the Z-VMPU traps or transfers data 
depends on the setting of an EPA bit in its Flag and Con- 
trol Word (FCW) status register. 



EXCEPTIONS 

The Z8003 and Z8004 Z-VMPUs support four types of ex- 
ceptions (conditions that alter the normal flow of pro- 
gram execution): interrupts, traps, instruction aborts, 
and reset. 

Interrupt and Trap Structure 

The Z8003 and Z8004 Z-VMPUs have a flexible and 
powerful interrupt and trap structure. Interrupts are ex- 
ternal events requiring Z-VMPU attention and are 
generally triggered by peripherals needing service. 
Traps are synchronous events resulting from the execu- 
tion of certain instructions. 

Both Z8003 and Z8 004 Z -VMPUs support three inter- 
rupts: nonmaskable (NMI), vectored (VI), and nonvec- 
tored (NVI). 

Both Z-VMPUs support several types of traps: System 
Call, EPU instruction, and privileged instruction. In addi- 
t ion, t he Z8003 supports a Segment/ Address Translation 
(SAT) trap. Of the above traps, only the last is initiated by 
external events. Such events are normally generated by 
a memory management system. The remaining traps oc- 
cur when instructions limited to the System mode are 
used in the Normal mode, when a System Call instruc- 
tion is executed, or when an EPA instruction is en- 
countered. 

The descending order of priority for traps and interrupts 
is: internal traps, nonmaskable interrupts, segment/ad- 



dress translation traps, vectored interrupts, and nonvec- 
tored interrupts. 

When an interrupt or trap occurs, the current program 
status information is automatically pushed onto the 
System stack. The new program status is then 
automatically loaded into the Program Status registers 
from the Program Status Area in System program 
memory. This area of memory is identified by the Pro- 
gram Status Area Pointer (PSAP). 

Instruction Abort Function 



The Z-VMPU monitors its ABORT input during each bus 
transaction it generates. The timing for a n Instru ction 
Abort operation is shown in Figure 7. If the ABORT input 
is asserted during clock cycle T2 of a memory access, 
the currently executing instruction is auto matica lly 
aborted. If no abort is indicated but input WAIT is 
asserted, input ABORT is also tested during each wait 
cycle (T w ). When an Instructi on Abo rt condition is in- 
dicated (ABORT is asserted) the WAIT input must also be 
asserted for five cycles to permit the Z-VMPU internal 
control me chanis m to abort the current instruction. 
When the WAIT input is deasserted, the Z-VMPU 
acknowledges any pending interrupt request. Therefore, 
the memory management circuitry that caused the inter- 
rupt to be aborted should also request an interrupt to the 
software routine that restores the Z-VMPU registers and 
the main memory so that the aborted instruction can be 
reissued. 
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Figure 7. Instruction Abort Timing 



i 



VIRTUAL MEMORY SYSTEMS 

Virtual memory systems permit programs to reference 
an address space that exceeds the main (physical) 
memory. In virtual memory systems, high-speed main 
memory is supported by medium- and low-speed storage 
devices (secondary memory) such as hard disks or flop- 
py disks. When a Z-VMPU in a virtual system issues an 
address that references information not in main 
memory, a software swap operation must be initiated. 
This swap retrieves the block containing the referenced 
location, loads it into main memory, and restarts the 
aborted mainstream program at the point of interruption. 
The swap operation is transparent to the user and to the 
executing program; therefore, the system appears to 
have a memory that is not constrained by physical size. 
The maximum size of a virtual memory is determined by 
the address structure used and by the capabilities of the 
system memory management hardware and software. 

Segmented and Paged Virtual Memories 

External circuitry can be used to implement either a 
segmented virtual memory or a paged virtual memory. In 
a segmented virtual memory, information is transferred 
between main memory and secondary storage devices 
on a segment-by-segment basis. The Z8003 Z-VMPU 
permits use of variable-length segments of up to 64K 
bytes. 

In a paged virtual memory system, each segment is 
divided into fixed-size pages (standard size is 2048 
bytes). Main memory is divided into page "frames." In- 
formation is then transferred between main memory and 
the secondary storage devices on a page-by-page basis. 
The Z8003 Z-VMPU can support both segmented or 
paged virtual memory systems. The Z8004 supports only 
the paged virtual memory approach. 



External Hardware Support 

The detection of a logical address that references a loca- 
tion outside main memory (i.e., an addressing fault) and 
the initiation of the required swap operation must be per- 
formed by memory management circuitry external to the 
Z-VMPU. 

A swap operation is started J)y_ the initiation of a 
Segment/Address Translation (SAT) trap request func- 
tion in the Z-VMPU. Sinc e the Z8004 does not have a 
SAT input, one of the N Ml, VI or NVI inp uts must be u sed 
instea d. Low levels on Z-VMPU inputs ABORT, SAT and 
WAIT initiate SAT requests. 

These inputs are sampled at the falling cl ock of the sec- 
ond clock cycle of a bus transaction. Input WAIT mu st be 
asserted for at least five clock cycles. Input ABOR T must 
be deasserted on or before the rising edge o f the W AIT 
signal. T he sa me tim ing can be used for both WAIT and 
ABORT. Input SAT should be asserted until the trap 
acknowledge bus transaction is indicated by Z8003 
Z-VMPU status code 0100. 

External circuitry is needed to record the information for 
instruction restart. The following assumptions about the 
operating system must also be true: 

■ The fault handler does not generate a fault until all 
critical data is saved. 

■ Accessing the System stack never causes a fault. 
(Either the segment is in memory or a memory 
management mechanism warns of a potential stack 
overflow.) 

■ I/O buffers are always in main memory, so I/O in- 
structions never cause a fault. 
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■ The Program Status Area is always in main memory. 

The following information must be saved by external cir- 
cuitry to restart the instruction interrupted by the ad- 
dressing fault: 

■ The value of the Program Counter during the initial 
instruction fetch cycle (cycle identified by status 
code 1101). 

■ The address that caused the fault. 

■ The code that was on the status lines during the 
aborted cycle. 

■ For paged memories, the number of successful data 
accesses made by the instruction. 



Software Support 

The software required for virtual memory operation nor- 
mally consists of a fault handler and a restart routine. 
The fault handler is started during each Z-VMPU abort 
request operation. The fault handler is responsible for 
saving information about the aborted instruction and for 
the initiation of a request which brings the segment (or 
containing the referenced location in main 



memory. The state of the aborted program (Flag and 
Control Word (FCW), Program Counter (PC), and the 
register file must be saved and another process dis- 
patched while the missing segment (or page) is being 
fetched from secondary memory. 

When the page or segment containing the referenced 
location is loaded into main memory, an instruction 
restart routine must be executed. This instruction restart 
routine must restore the operating environment that ex- 
isted when the instruction/program abort was initiated. 
This routine must establish the PC value that points to 
the aborted instruction. It must also decode the instruc- 
tion's opcode to determine whether or not any of the 
Z-VMPU 's registers were modified before the instruction 
execution cycle in which the abort occurred. If registers 
were modified, the instruction restart routine must return 
these registers to a state in which the restarted instruc- 
tion behaves as if no abort had occurred. The flow chart 
in Figure 8 illustrates a possible control sequence for a 
software restart routine. The instructions requiring 
remodification of system registers and the manner in 
which these registers must be modified depend upon the 
type (segmented or paged) of virtual memory system im- 
plemented. 



BUS TRANSACTIONS 

Status Outputs 

The Z-VMPUs provide output that specifies the type of 
transaction on the Address/Data bus. Output line R/W 
specifies whether a read or write operation is involved. 
Output line B/W specifies whether the ^transaction in- 
volves byte or word data. Output line N/S specifies the 
mode of operation, Normal or System. In addition to 




READ ABORT 

DATA FROM MEMORY 

MANAGEMENT 

SYSTEM 




RESTORE 
MODIFIED REGISTERS 
TO CORRECT STATE 



these lines, output lines ST0-ST3 encode additional 
characteristics of the current bus transaction. These 
lines can present any of sixteen 4-bit status codes which 
define specific characteristics of the current bus trans- 
action. The available status codes are listed and defined 
in Table 2. 

Table 2. Status Codes 



Figure 8. Flow Chart of an Instruction Restart Routine 



ST3-ST0 

Binary 


Definition 


0000 


Internal Operation 


0001 


Memory Refresh 


0010 


I/O Reference 


001 1 


Special I/O Reference (e.g., to an MMU) 


0100 


Segment/Address Translation Trap 
Acknowledge 


0101 


Nonmaskable Interrupt Acknowledge 


01 10 


Nonvectored Interrupt Acknowledge 


01 1 1 


Vectored Interrupt Acknowledge 


1000 


Data Memory Request 


1001 


Stack Memory Request 


1010 


Data Memory Request (Extended Process- 
ing Architecture) 


1011 


Stack Memory Request, (Extended Process- 
ing Architecture) 


1 100 


Instruction Space Access 


1101 


Instruction Fetch, First Word 


1110 


Extended Processing Unit— Z-VMPU 




Transfer 


1111 


Bus Lock, Data Memory Request 
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Memory Read and Write 

Memory read and instruction fetch cycles are identical, 
except for the status code on the ST0-ST3 outputs. 
Memory write is similar to memory read except for the 
R/W status and the timing of DS and data valid true. Dur- 
ing a memory cycle, a 16-bit offset address is placed on 
the AD0-AD15 outputs early in the first clock period 
(Figure 9). In the Z8003, a 7-bit segment number is also 
output on SN -SN6 one clock period earlier than the 
16-bit address offset. Issuing the segment number early 
minimizes address translation overhead by enabling the 
memory management circuitry to overlap its operations 
with the Z-VMPU instruction execution cycle. 



A valid address is indicated by the rising edge of Address 
Strobe (AS). Status and mode information becomes valid 
early in the memory access cycle and remains stable 
throughout it. The access cycle can be extended in 
length by the addition of wait cycles. 

The Read/Write line (R/W) indicates the direction of the 
data transfer. R/W is High for transfers to the Z-VMPU. 
R/W is Low for transfers from the Z-VMPU. 

Word data (B/W is Low) to or from the Z-VMPU is 
transmitted on lines AD0-AD15. Byte data to the Z-VMPU 
is transmitted in AD-io-ADy, from odd addresses 
(ADo=1) and in AD8-AD15 from even addresses 
(ADo = 0). Byte data from the Z-VMPU is replicated in 
AD0-AD7 and AD8-AD15, regardless of address. 
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Figure 9. Memory Read and Write Timing 
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I/O Transactions 

I/O transactions, which are generated by the execution 
of I/O instructions, move data to or from peripherals or 
Z-VMPU support devices. As shown in the timing 
diagram presented in Figure 10, I/O transactions have a 
minimum length of four clock cycles; wait cycles can be 
added to lengthen transaction periods to meet the needs 
of slow peripherals. Status line outputs indicate whether 
access is to the Standard I/O (0010) or Special I/O (001 1) 
address spaces. 

I/O transactions are_always performed with the Z-VMPU 
in System mode (N/S = Low). The rising edge of AS in- 
dicates that a valid address is present on lines 



AD -ADi 5 . Since the I/O address is always 16 bits long, 
the segment number lines in Z8003 are undefined. 

For byte transfers (B/W = High) in Standard I/O space, 
addresses must be odd; for byte transfers in Special I/O 
space, addresses must be even. 

Word data (B/W = Low) to or from the CPU is transmit- 
ted on AD -AD 15 . Byte data (B/W = High) is transmitted 
on AD0-AD15 for Special I/O. This allows peripheral 
devices or CPU support devices to attach to only eight of 
the 16 AD -AD 16 lines. The Read/Write line (R/W) in- 
dicates the direction of the data transfer: peripheral-to- 
CPU (Read: R/W = High) or CPU-to-peripheral (Write: 
R/W = Low). 
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Figure 10. Input/Output Transaction 
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Wait Add-On Cycles 

As shown in Figures 9 and 10, the WAIT input line is 
sampled on ajalling edge of CLK one cycle before data 
is sample d (DS is Low for a read or write operation). If 
the WAIT input line is Low when sampled, another cycle 
is added to the transaction before data is sampled or DS 
is de assert ed (goes High). During an added wait cycle, 
input WAIT is sampled again on the falling clock edge; if 
it is Low, anot her wa it cycle is added to the transaction. 
This use of the WAIT input permits transactions to be ex- 
tended arbitrarily to accommodate, for example, slow 
memories or I/O devices that are not yet ready for data 
transfer. 

Memory Refresh Timing 

When the 6-bit prescaler in the refresh counter has been 
decremented to zero, a refresh cycle is started (Figure 
11). The 9-bit refresh counter value is put on ADo-ADs; 
lines AD9-AD15 are undefined. Unless disabled, the 
presettable prescaler runs continuously, therefore any 
delay in starting a refresh cycle is not cumulative. 



While the STOP input is Low, a continous stream of 
memory refresh cycles is executed without using the 
refresh prescaler. The refresh count, however, is in- 
cremented. 

Internal Operation Timing 

Certain instructions, such as multiply and divide, need 
additional time to execute internal operations. In these 
cases, the Z-VMPU goes through a sequence of internal 
operation machine cycles, each three to eight clock 
cycles long (Figure 12). This allows fast response to bus 
and refresh requests because a bus request or a refresh 



cycle can be inserted at the end of any internal machine 
cycle. 

Although the address outputs_during clock cycle T-i are 
undefined, Address Strobe (AS) is generated to satisfy 
the requirements of Z-BUS-compatible peripherals and 
self-refresh dynamic memories. 

Reset Function - 



A Low on the RESET input causes the following results 
within five clock cycles (Figure 13): 

1 . AD 0-AD15 are 3-stated. 

2. AS, DS, MREQ, BUSACK, MO, and ST -ST 3 are forced 

High. 

3. SN0-SN6 are forced Low. 

4. Refreshjs disabled. 

5. R/W, B/W and N/S are undefined. 



When RESET is again High, the Z8003 Z-VMPU executes 
three memory read cycles in a System mode of opera- 
tion. During these three word read cycles, the Z-VMPU 
reads, in sequence, the following information from seg- 
ment 0: 

1 . The flag and control word (FCW) from offset location 
0002. 

2. The Program Counter segment number from location 
0004 and offset from location 0006. 

In the Z8004 Z-VMPU, only two read cycles are per- 
formed. During the first cycle, the FCW is read from 
location 0002. During the second cycle, the 16-bit PC 
value is read from location 0004. The program is started 
during the following machine cycle. 
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Figure 11. Memory Refresh Timing 



Figure 12. Internal Operating Timing 
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Figure 13. Reset Timing 



BUS REQUEST, INTERRUPT AND 
ACKNOWLEDGE 



A Low on the BUSREQ input indicates to the Z-VMPU 
that another device is requesting the addr ess/data and 
control lines. The asynchronous BUSREQ input is syn- 
chronize d at the b eginning of any machine cycle (Figure 
14). If BUSREQ is Low, an internal synchronous 
BUSREQ signal is generated, which, aft er comple tion of 
the current machine cycle, causes the BUSACK output 
to go Low and all bus outputs to go into the high- 
impedance state. The requesting device (typically a 
DMA) can then control the bus. 



When BUSREQ is rele ased, it is synchronized with the 
rising clock edge. The BUSACK output goes High one 
clock period later to indicate that the Z-VMPU will take 
control of the bus. 

Interrupt and Segment/Address Translation Trap 
Request and Acknowledge 

Any High-to-Low transition on the Z-VMPU's NMI input 
(Figure 15) is as ynchronously edge -det ected and sets 
the internal NMI latch. The VI , NV I, and SAT inputs, as 
well as the state of the internal NMI latch, are sampled at 
the beginning of T3. 

In response to an interrupt or trap, the subsequent IF1 
cycle is exercised. The Program Counter, however, is 



not updated, but the System Stack Pointer is 
decremented in preparation for storing status informa- 
tion on the System stack. 

The next machine cycle is the interrupt acknowledge 
cycle. This cycle has five automatic wait states, and ad- 
ditional wait states are possible. 

After the last wait state, the Z-VMPU reads the informa- 
tion on AD0-AD15 and stores it temporarily, to be saved 
on the stack later in the acknowledge sequence. This 
word identifies the source of the interrupt or trap. For in- 
ternal traps, the identifier is the first word of the trapped 
instruction. For external events, the identifier is the con- 
tents of the Data bus as sampled during T3 of the 
acknowledge cycle. During nonvectored and non- 
maskable interrupts, all 16 bits can represent peripheral 
device status information. For the vectored interrupt, the 
low byte is the jump vector, and the high byte can be 
used for extra status. For a SAT trap (assuming that a 
Zilog Z8010 Z-MMU Memory Management Unit is used) 
the high byte is the memory management unit identifier 
and the low byte is undefined. 

After the acknowledge cycle, the N/S output indicates 
the automatic change to System mode. 
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PIN DESCRIPTIONS 

The Z8003 Z-VMPU is produced in a 48-pin package; the 
Z8004 Z-VMPU is produced in a 40-pin package. The pin 
functions of both the Z8003 and Z8004 are illustrated in 
Figure 16; the pin assignments are illustrated in Figure 
17. The signal names assigned to the Z-VMPU I/O pins 
are listed alphabetically and are described in the follow- 
ing paragraphs. 



ABORT. Abort Request (input, active Low). This input is 
used to implement virtual memory. It is asserted by external 
circuitry when an address does not correspond to a location 
in main memory. 



When ABORT is asserted with input SAT in the Z8003, or 
with input NMI, VI, or NVI in the Z8004, it initiates an Abort 
Interrupt in the Z-VMPU. 

ADo-ADjS. Address/Data (inputs/outputs, active High, 
3-state). These multiplexed address and data lines are used 
both for I/O and memory. 

AS. Address Strobe (output, active Low, 3-state). The rising 
edge of AS indicates that addresses are valid. 



BUSACK. Bus Acknowledge (output, active Low). A Low on 
this line indicates that the Z-VMPU has relinquished control 
of the bus. 



BUSREQ. Bus Request (input, active Low). This line must 
be driven Low to request the bus from the Z-VMPU. 

B/W. Byte/Word (output, Low = Word, 3-state). This line de- 
fines the size of the data being transferred. 

CLK. System Clock (input). CLK is a +5V single-phase, 
time-base input. 



DS. Data Strobe (output, active Low, 3-state). This line 
strobes data in and out of the Z-VMPU. 

Ml, MO. Multi-Micro In, Multi-Micro Out (input and output, 
active Low). These two lines form a resource-request daisy 
chain that allows only one Z-VMPU in a multi- 
microprocessor system to access a shared resource at the 
same time. 



MREQ. Memory Request (output, active Low, 3-state). A 
Low on this line indicates that a memory reference is in 
progress. 

NMI. Nonmaskable Interrupt (edge- trigge red, input, active 
Low). A High-to-Low transition on NMI requests a non- 
maskable interrupt. 

N/S. Normal/System Mode (output, Low = System mode, 
3-state). N/S indicates the current Z-VMPU operating mode 
(System or Normal). 

NVI. Nonvectored Interrupt (input, active Low). A Low on 
this line requests a nonvectored interrupt. 



RESET. Reset (input, active Low). A Low on this line resets 
the Z-VMPU. 

SAT. Segment Address Translation Trap (Z8003 only, input, 
active Low). A Low on this input requests a Segment Ad- 
dress Translation trap. 



STOP. (Input, active Low). When asserted this line suspends 
CPU operation either after the fetch of the first word of an 
instruction or during an EPU instruction if the EPU is busy. 



STATUS < 



CPU 
CONTROL 



BUS 
CONTROL 



■{= 



INTERRUPTS 



MULTI-MICRO 
CONTROL 






READ/WRITE 

NORMAL/SYSTEM 

BYTE/WORD 

ST 3 
ST 2 
STi 

■ST 

ABORT „„,„„, 

war »»* 

STOT 



BUSREQ 
BUSACK 



TTT 

+ 5V GND CLK 



ADis 
AD 14 
AD 13 
AD 12 
ADu 
AD10 
ADg 

ADg 

AD 7 
AD e 
AD 5 
AD 4 
AD 3 
AD 2 
AD1 
AD 

SN 6 
SN 5 
SN 4 
SN 3 
SN 2 
SNi 
SN 



v ADDRESS/ 
f DATA 






- SEGMENT-PAGE 
or TRANSLATION 
TRAP 



BUS 
TIMING 



CPU 
CONTROL' 



BUS) 
CONTROLS 



INTERRUPTS 



•{~ 



mm 

read/Write 

normal/system 

byte/word 

ST 3 
ST 2 
STi 

ST 



ABORT 

watt 

STOP 
RESET 
BUSREQ 
BUSACK 

NMT 

VI 

NVI 



Z8004 
VMPU 



AD15 
AD14 
AD13 



AD10 
AD 9 
ADg 
AD 7 
ADg 
ADg 
AD 4 
ADg 
AD 2 
ADi 
AD 



TTT 

+ 5V GND CLK 



•« — »- 



ADDRESS I 
DATA 



Figure 16. Pin Functions 
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ADoC 


1 48 


2 AD. 


AD.C 


2 


47 


]SN, 


AO,oC 


3 


46 


]SN 8 


ADuC 


« 


45 


3AOr 


AD„C 


5 


** 


3 AD, 


AD«C 


• 


43 


3ad 4 


STOPC 




42 


3sn 4 


MlC 


8 


41 


3 AD, 


AD 15 C 


» 


40 


3ad 3 


ADuC 


10 


39 


Uadj 


+ 5V C 


11 


38 


Dad, 


viC 


12 Z8003 37 


l&t*2 


NVI C 


13 VMPU 38 


Z]qnd 


SA?C 


1* 


35 


3 CLOCK 


NWM C 


15 


34 


Dsg 


RESET C 


16 


33 


3 ABORT 


MO C 


17 


32 


Jb/w 


MR13C 


18 


31 


Jn/s 


DSC 


19 


30 


3»ww 


ST 3 L 


20 


29 


J BUSACK 


ST 2 C 


21 


28 


HwATf 


st, r 


22 


27 


J BUSREQ 


SToC 


23 


26 


IlSNo 


SN 3 C 


24 


25 


UsNi 



AD,C 


, w 


40 


3 AD 


AD 10 C 


2 


39 


3 AD, 


AD„C 


3 


38 


3 AD/ 


AD«C 


4 


37 


3 AD, 


AD 13 C 


5 


36 


3 AD 4 


stopC 


• 


35 


3 AD 5 


Ml C 




34 


3 AD 3 


AD 16 C 


» 


33 


3 AD 2 


AD„C 


• 


32 


3 AD, 




10 

Z8004 
11 VMPU 


31 
30 


3 GND 
3 CLOCK 


RViC 


12 


29 


]AS 


HM7C 


13 


28 


] ABORT 


RISeTC 


14 


27 


3 B/W 


MbC 


15 


26 


] N/S 


MTfESC 


16 


25 


] R/W 


B5P 


17 


24 


] BUSACK 


STJ0 


18 


23 


3 WATT 


sT 2 n 


19 


22 J BUSREQ 


ST, £ 


20 


21 


3 ST 



Figure 17. Pin Assignments 
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INSTRUCTION SET SUMMARY 

The Z8003/04 instruction set is presented in the instruc- 
tion set summary. This summary lists the mnemonics, 
operands, addressing modes, timing, and operation for 
each instruction. 

Timing is given as the number of CPU clock cycles re- 
quired for instruction execution. Timing requirements 
are given for the three possible addressing representa- 
tions used in word, byte and long word operations: 

■ NS nonsegmented addresses 

■ SS segmented short-offset addresses 

■ SL segmented long-offset addresses 

The SS and SL address representations apply only to 
those instructions for which the address of the operand 



is contained within the instruction itself. The only instruc- 
tions of this type are those using the DA and X address- 
ing modes. 

With few exceptions, timing requirements are the same 
for all instructions in either segmented or nonsegmented 
mode, except for those instructions that employ the SS 
and SL addresses. The timing for these instructions will 
differ since the number of fetches needed to load the ad- 
dress, one word or two words, will vary. 

NOTE 

Timing values are given in the SS and SL columns of the instruction set summary 
for all addressing modes, even where the address representation does not apply. 
These values are given to indicate that the time requirements are the same for 
both segmented and nonsegmented modes. 



INSTRUCTION SET SUMMARY 



The Z8003/4 provides the following types of instructions: 

■ Load and Exchange 

■ Arithmetic 

■ Logical 

■ Program Control 



Bit Manipulation 

Rotate and Shift 

Block Transfer and String Manipulation 

Input/Output 

CPU Control 



2084-017 
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Load and Exchange 



Clock Cycles 



Mnemonics Operands 



Addr. 
Modes 



Word, Byte Long Word 

NS SS SL NS SS SL Operation 



CLR 
CLRB 



dst 



R 
IR 
DA 
X 



7 7 7 

8 8 8 

11 12 14 

12 12 15 



Clear 

dst -0 



EX 
EXB 



R.src 



R 
IR 
DA 
X 



12 12 

15 16 

16 16 



6 
12 
18 
19 



Exchange 

R ** src 



LD 

LDB 

LDL 



R.src 



R 

IM 

IM- 

IR 

DA 

X 

BA 

BX 



3 3 

7 7 

5(byte only) 



3 5 5 5 Load Into Register 

7 11 11 11 R - src 

7 7 7 11 11 11 

9 10 12 12 13 15 

10 10 13 13 13 16 

14 14 14 17 17 17 

14 14 14 17 17 17 



LD 

LDB 

LDL 



dst.R 



IR 

DA 

X 

BA 

BX 



8 
11 
12 
14 
14 



12 
12 
14 
14 



8 
14 
15 
14 
14 



11 
14 
15 
17 
17 



11 
15 
15 
17 
17 



11 
17 
18 
17 
17 



Load into Memory (Store) 

dst - R 



LD 
LDB 



dst.lM 



IR 
DA 
X 



11 
14 
15 



11 
15 
15 



11 
17 
18 



Load Immediate into Memory 

dst *- IM 



LDA 



R.src 



POP 
POPL 



dst, IR 



DA 


12 


13 


15 


X 


13 


13 


16 


BA 


15 


15 


15 


BX 


15 


15 


15 



Load Address 

R — source address 



LDAR 


R.src 


RA 


15 


15 


15 








Load Address Relative 

R — source address 


LDK 


R.src 


IM 


5 


5 


5 








Load Constant 

R «- n(n = 0... 15) 


LDM 


R.src.n 


IR 
DA 
X 


11 
14 
15 


11 
15 
15 


11 
17 
18 


+ 3 n 






Load Multiple 

R — src (n consecutive words) 
(n = 1 ... 16) 


LDM 


dst, R, n 


IR 
DA 
X 


11 
14 
15 


11 
15 
15 


11 
17 
18 


+ 3 n 






Load Multiple (Store Multiple) 
dst — R (n consecutive words) 
(n = 1 ... 16) 


LDR 

LDRB 

LDRL 


R.src 


RA 


14 


14 


14 


17 


17 


17 


Load Relative 

R — src 

(range -32768... +32767) 


LDR 

LDRB 

LDRL 


dst.R 


RA 


14 


14 


14 


17 


17 


17 


Load Relative (Store Relative) 

dst - R 

(range -32768 .. . +32767) 



R 


8 


8 


8 


12 


12 


12 


Pop 


IR 


12 


12 


12 


19 


19 


19 


dst «- IR 


DA 


16 


16 


18 


23 


23 


25 


Autoincrement contents of R 


X 


16 


16 


19 


23 


23 


26 




R 


9 


9 


9 


12 


12 


12 


Push 


IM 


12 


12 


12 








Autodecrement contents of R 


IR 


13 


13 


13 


20 


20 


20 


IR — src 


DA 


13 


14 


16 


21 


21 


23 




X 


14 


14 


17 


21 


21 


24 





PUSH 
PUSHL 



IR.src 
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Arithmetic 



Clock Cycles 



Addr. 



Mnemonics 


Operands 


Modes 


NS 


SS 


SL 


NS 


SS 


SL 


Operation 


ADC 
ADCB 


R.src 


R 


5 


5 


5 








Add with Carry 

R — R + carry + src 



ADD 


R.src 


R 


4 


4 


4 


8 


8 


8 


Add 


ADDB 




IM 


7 


7 


7 


14 


14 


14 


R — R + src 


ADDL 




IR 


7 


7 


7 


14 


14 


14 








DA 


9 


10 


12 


15 


16 


18 








X 


10 


10 


13 


16 


16 


19 




CP 


R.src 


R 


4 


4 


4 


8 


8 


8 


Compare with Register 


CPB 




IM 


7 


7 


7 


14 


14 


14 


R - src 


CPL 




IR 


7 


7 


7 


14 


14 


14 








DA 


9 


10 


12 


15 


16 


18 








X 


10 


10 


13 


16 


16 


19 





CP 
CPB 


dst.lM 


IR 

DA 

X 


11 
14 
15 


11 
15 
15 


11 
17 
18 


Compare with Immediate 

dst - IM 


DAB 


dst 


R 


5 


5 


5 


Decimal Adjust 



DEC 
DECB 



dst.n 



R 
IR 
DA 
X 



4 
11 
13 

14 



4 
11 
14 
14 



4 
11 
16 
17 



Decrement by n 

dst — dst - n 
(n = 1 ... 16) 



N 

00 

§ 

< 
3 



DIV R.src R 107 107 107 744 744 744 Divide (signed) 

DIVL IM 107 107 107 744 744 744 Word: R n + i - R n , n + 1 + src 

IR 107 107 107 744 744 744 R n - remainder 

DA 108 109 111 745 746 748 Long Word: R n + 2 n + 3 *~ Rn n + 3 + src 

X 109 109 112 746 746 749 R n n + 1 - remainder 



EXTS 

EXTSB 

EXTSL 



dst 



11 



11 11 Extend Sign 

Extend sign of low order half of dst 
through high order half of dst 



INC 
INCB 



dst.n 



R 
IR 
DA 
X 



4 
11 
13 
14 



4 
11 
14 
14 



4 
11 
16 
17 



Increment by n 

dst — dst + n 
(n = 1 ... 16) 



MULT R.src R 70 70 70 282* 282* 282* Multiply (signed) 

MULTL IM 70 70 70 282* 282* 282* Word: R n , n + 1 *~ *n + 1 • src 

IR 70 70 70 282* 282* 282* Long Word: R n ... n + 3 - R n + 2 ,n + 3 • src 

DA 71 72 74 283* 284* 286* * Plus seven cycles for each 1 in the 

X 72 72 75 284* 284* 287* absolute value of the low order word of 

the multiplicand 



NEG 
NEQB 



dst 



R 
IR 
DA 
X 



7 

12 
15 
16 



7 
12 
16 
16 



7 
12 
18 
19 



Negate 

dst - -dst 



SBC 
SBCB 



R.src 



Subtract with Carry 

R *- R - src - carry 



SUB 

SUBB 

SUBL 



R.src 



R 


4 


4 


4 


8 


8 


8 


Subtract 


IM 


7 


7 


7 


14 


14 


14 


R — R - src 


IR 


7 


7 


7 


14 


14 


14 




DA 


9 


10 


12 


15 


16 


18 




X 


10 


10 


13 


16 


16 


19 
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Logical 



Clock Cycles 



Mnemonics Operands 



Addr. 
Modes 



Word, Byte Long Word 

NS SS SL NS SS SL Operation 



AND 

ANDB R.src 



R 

IM 

IR 

DA 

X 



4 
7 
7 
9 
10 



4 

7 

7 

10 

10 



4 

7 

7 

12 

13 



And 

R — R AND src 



COM 
COMB 



dst 



R 
IR 
DA 
X 



7 
12 
15 
16 



7 

12 
16 
16 



7 

12 
18 
19 



Complement 

dst - NOT dst 



OR 
ORB 



R.src 



R 

IM 

IR 

DA 

X 



4 
7 
7 
9 
10 



4 
7 
7 
10 
10 



4 
7 
7 

12 
13 



OR 

R — R OR src 



TEST 

TESTB 

TESTL 



dst 



R 7 7 7 13 13 13 Test 

IR 8 8 8 13 13 13 dst OR 

DA 11 12 14 16 17 19 

X 12 12 15 17 17 20 



TCC 
TCCB 



cc, dst 



Test Condition Code 

Set LSB if cc is true 



XOR 
XORB 



R.src 



R 


4 


4 


4 


IM 


7 


7 


7 


IR 


7 


7 


7 


DA 


9 


10 


12 


X 


10 


10 


13 



Exclusive OR 

R — R XOR src 



Program Control 



Clock Cycles 



Mnemonics Operands 



Addr. 
Modes 



Word, Byte Long Word 

NS SS SL NS SS SL Operation 



CALL dst 



IR 


10 


15 


15 


DA 


12 


18 


20 


X 


13 


18 


21 



Call Subroutine 

Autodecrement SP 
@ SP - PC 
PC - dst 



CALR 



dst 



RA 



10 15 15 



Call Relative 

Autodecrement SP 
@ SP - PC 
PC - PC + dst 
(range -4094 to + 4096) 



DJNZ R.dst 

DBJNZ 



RA 



11 



Decrement and Jump if Non-Zero 

R -R-1 

If R # 0: PC - PC + dst 

(range -254 to 0) 



IRET* 



13 



16 



Interrupt Return 

PS - @ SP 
Autoincrement SP 



JP 



cc.dst 



IR 


10 


15 


15 


(taken) 


Jump Conditional 


IR 


7 


7 


7 


(not taken) 


If cc is true: PC — dst 


DA 


7 


8 


10 






X 


8 


8 


11 







* Privileged instructions; executed in system mode only. 
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Program Control (Continued) 


Clock Cycles 


Addr. 
Mnemonics Operands Modes 


Word, Byte Long Word 
NS SS SL NS SS SL Operation 


RET cc 


10 13 13 (taken) Return Conditional 

7 7 7 (not taken) If cc is true. PC — @SP 

Autoincrement SP 



sc 



IM 



33 



39 



39 



System Call 

Autoincrement SP 
® SP - Old PS 
Push Instruction 
PS *- System Call PS 



BIT 
BITB 



dst.b 



R 


4 


4 


4 


IR 


8 


8 


8 


DA 


10 


11 


13 


X 


11 


11 


14 



Test Bit Static 

Z flag - NOT dst bit specified by b 



BIT dst,R 
BITB 


R 


10 10 10 Test Bit Dynamic 

Z flag «- NOT dst bit specified by 
contents of R 


Bit Manipulation 






Clock Cycles 


Mnemonics Operands 


Addr. 
Modes 


Word, Byte Long Word 
NS SS SL NS SS SL Operation 



RES 
RESB 



dst.b 



R 


4 


4 


4 


IR 


11 


11 


11 


DA 


13 


14 


16 


X 


14 


14 


17 



Reset Bit Static 

Reset dst bit specified by b 



TSET 
TSETB 



dst 



R 


7 


7 


7 


IR 


11 


11 


11 


DA 


14 


15 


17 


X 


15 


15 


18 



Test and Set 

S flag *- MSB of dst 
dst - all 1s 



RR 
RRB 



dst.n 



6 for n = 1 
7forn = 2 



Rotate Right 

Rotate dst by n bits (n = 1,2) 



N 

00 

§ 

< 
3 

•0 



RES 
RESB 


dst.R 


R 


10 


10 


10 


Reset Bit Dynamic 

Reset dst bit specified by contents R 


SET 
SETB 


dst.b 


R 
IR 


4 
11 


4 
11 


4 
11 


Set Bit Static 

Set dst bit specified by b 


SET 
SETB 


dst.R 


R 


10 


10 


10 


Set Bit Dynamic 

Set dst bit specified by contents of R 



Rotate and Shift 




Operands 




Clock Cycles 










Mnemonics 


Addr. 
Modes 


Word, Byte 
NS SS 


SL 


NS 


Long Word 
SS 


SL 


Operation 


RLDB 


R.src 


R 


9 9 


9 








Rotate Left Digit 


RRDB 


R.src 


R 


9 9 


9 








Rotate Right Digit 


RL 
RLB 


dst.n 


R 
R 


6 f or n = 1 

7 for n = 2 










Rotate Left 

Rotate dst by n bits (n = 1,2) 


RLC 
RLCB 


dst.n 


R 
R 


6 f or n = 1 
7forn = 2 










Rotate Left through Carry 

Rotate dst by n bits (n = 1,2) 
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Rotate and Shift (Continued) 




Operands 




Clock Cycles 






Mnemonics 


Addr. 
Modes 


Word, Byte 
NS SS 


SL 


Long Word 
NS SS SL 


Operation 


RRC 
RRCB 


dst.n 


R 
R 


6 for n = 1 
7forn = 2 






Rotate Right through Carry 

Rotate dst by n bits (n = 1,2) 


SDA 

SDAB 

SDAL 


dst.R 


R 


(15 + 3n) 




(15 + 3n) 


Shift Dynamic Arithmetic 

Shift dst left or right by contents of R 


SDL 

SDLB 

SDLL 


dst.R 


R 


(15 + 3n) 




(15 + 3n) 


Shift Dynamic Logical 

Shift dst left or right by contents of R 


SLA 

SLAB 

SLAL 


dst.n 


R 


(13 + 3n) 




(13 + 3n) 


Shift Left Arithmetic 

Shift dst left by n bits 


SLL 

SLLB 

SLLL 


dst.n 


R 


(13 + 3n) 




(13 + 3n) 


Shift Left Logical 

Shift dst left by n bits 


SRA 

SRAB 

SRAL 


dst.n 


R 


(13 + 3n) 




(13 + 3n) 


Shift Right Arithmetic 

Shift dst right by n bits 


SRL 

SRLB 

SRLL 


dst.n 


R 


(13 + 3n) 




(13 + 3n) 


Shift Right Logical 

Shift dst right by n bits 


Block Transfer and String Manipulation 




Operands 




Clock Cycles 






Mnemonics 


Addr. 
Modes 


Word, Byte 
NS SS 


SL 


Long Word 
NS SS SL 


Operation 



CPD R Xl src, IR 20 20 20 

CPDB Ry.cc 



Compare and Decrement 

Rx - src 

Autodecrement src address 

Ry — Ry - 1 



CPDR Rx.src, 

CPDRB Ry.cc 



(11 + 9n) 



Compare, Decrement and Repeat 

Rx - src 

Autodecrement src address 

Ry — Ry - 1 

Repeat until cc is true or Ry = 



CPI 
CPDRB 



Rx.src, 
Ry.cc 



20 20 



20 



Compare, Decrement and Repeat 

Rx - src 

Autodecrement src address 

Ry — Ry - 1 



CPIR 
CPIRB 



Rx.src, 
Ry.cc 



(11 + 9n) 



Compare, Increment and Repeat 

Rx - src 

Autoincrement src address 

Ry — Ry - 1 

Repeat until cc is true or Ry = 



CPSD 
CPSDB 



dst, src, 
R.cc 



25 25 



25 



Compare String and Decrement 

dst — src 

Autodecrement dst and src addresses 

R - R-1 



CPSDR 
CPSDRB 



dst, src, 
R.cc 



(11 + 14n) 



Compare String, Decrement and Repeat 

dst *- src 

Autodecrement dst and src addresses 

R - R-1 

Repeat until cc is true or R = 
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Block Transfer and String Manipulation (Continued) 



Clock Cycles 



Addr. Word, Byte Long Word 

Mnemonics Operands Modes NS SS SL NS SS SL 



Operation 



CPSI dst, src, IR 25 25 25 

CPSIB R.cc 



Compare String and Increment 

dst -src 

Autoincrement dst and src addresses 

R ~- R-1 



CPSIR dst, src, IR (11 + 14n) 

CPSIRB R.cc 



Compare String, Increment and Repeat 

dst - src 

Autoincrement dst and src addresses 

R - R-1 

Repeat until cc is true or R = 



LDD 
LDDB 



dst, src, R 



20 20 20 



Load and Decrement 

dst — src 

Autodecrement dst and src addresses 

R - R-1 



M 

00 

§ 

CO 

< 
3 
•d 
a 



LDDR 
LDDRB 



dst, src, R 



(11 + 9n) 



Load, Decrement and Repeat 

dst *- src 

Autodecrement dst and src addresses 

R - R-1 

Repeat until R = 



LDI 
LDIB 



dst, src, R 



20 20 



20 



Load and Increment 

dst — src 

Autoincrement dst and src addresses 

R - R-1 



LDIR 
LDIRB 



dst, src, R 



(11 + 9n) 



Load, Increment and Repeat 

dst — src 

Autoincrement dst and src addresses 

R - R-1 

Repeat until R = 



TRDB dst, src, R IR 25 25 25 



Translate and Decrement 

dst «- src (dst) 
Autodecrement dst address 
R - R-1 



TRDRB dst, src, R IR (11 + 14n) 



Translate, Decrement and Repeat 

dst «- src (dst) 
Autodecrement dst address 
R - R-1 
Repeat until R = 



TRIB dst, src, R IR 25 25 25 



Translate and Increment 

dst — src (dst) 
Autoincrement dst address 
R - R-1 



TRIRB dst, src, R IR (11 + 14n) 



Translate, Increment and Repeat 

dst — src (dst) 
Autoincrement dst address 
R - R-1 
Repeat until R = 



TRTDB srd,src2,R IR 25 25 25 



Translate and Test, Decrement 

RH1 *- src 2 (srd) 
Autodecrement srd address 
R - R-1 



TRTDRB srd,src2,R IR (11 + 14n) 



Translate and Test, Decrement 
and Repeat 

RH1 - src2(srd) 
Autodecrement srd address 
R - R-1 
Repeat until R = or RH1 =0 
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Block Transfer and String Manipulation (Continued) 



Clock Cycles 



Addr. Word, Byte Long Word 

Mnemonics Operands Modes NS SS SL NS SS SL 



Operation 



TRTIB 



src1,src2,R IR 



25 25 25 



Translate and Test, Increment 

RH1 *- src2(src1) 
Autoincrement srd address 
R - R-1 



TRTIRB src1,src2,R IR 



(11 + 14n) 



Translate and Test, Increment 
and Repeat 

RH1 - src2(src1) 
Autoincrement srd address 
R - R-1 
Repeat until R = or RH1 =0 



Input/Output 




Operands 




Clock Cycles 


Mnemonics 


Addr. 
Modes 


Word, Byte Long Word 
NS SS SL NS SS SL Operation 


IN* 
INB* 


R,src 


IR 
DA 


10 10 10 Input 

12 12 12 R - src 



IND* dst, src, R IR 21 21 21 

INDB* 



Input and Decrement 

dst — src 

Autodecrement dst address 
R - R-1 



INDR* dst, src, R IR (11 + 10n) 

INDRB* 



Input, Decrement and Repeat 

dst «- src 

Autodecrement dst address 
R- R-1 
Repeat until R = 



INI* 
INIB* 



dst, src, R 



21 21 21 



Input and Increment 

dst — src 

Autoincrement dst address 
R - R-1 



INIR* 
INIRB* 



dst, src, R 



(11 + 10n) 



Input, Increment and Repeat 

dst — src 

Autoincrement dst address 
R - R-1 
Repeat until R = 



OUT* 
OUTB* 



dst.R IR 

DA 



10 10 10 

12 12 12 



Output 

dst - R 



OUTD* 
OUTDB* 



dst, src, R IR 



21 21 21 



Output and Decrement 

dst *- src 

Autodecrement src address 
R- R-1 



OTDR* 
OTDRB* 



dst, src, R IR 



(11 + 10n) 



Output, Decrement and Repeat 

dst «- src 

Autodecrement src address 
R- R-1 
Repeat until R = 



OUTI* 
OUTIB* 



dst, src, R IR 21 21 21 



Output and Increment 

dst <- src 
Autoincrement src address 

R - R-1 



* Privileged instructions, executed in system mode only 
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Input/Output (Continued) 



Clock Cycles 



Addr. Word, Byte Long Word 

Mnemonics Operands Modes NS SS SL NS SS SL 



Operation 



OTIR* dst,src,R IR 

OTIRB* 



(11 + 10n) 



Output, Increment and Repeat 

dst — src 

Autoincrement src address 
R - R-1 
Repeat until R = 



SIN* 
SINB* 



R, src DA 



12 12 12 



Special Input 

R — src 



SIND* dst, src, R IR 

SINB* 



21 21 21 



Special Input and Decrement 

dst — src 

Autodecrement dst address 
R - R-1 



N 

1 



SINDR* dst, src, R IR 

SINDRB* 



(11 + 10n) 



Special Input, Decrement and Repeat 

dst «- src 

Autodecrement dst address 
R - R-1 
Repeat until R = 



SINI* 
SINIB* 



dst, src, R 



21 21 21 



Special Input and Increment 

dst — src 

Autoincrement dst address 
R - R- 1 



SINIR* 
SINIRB* 



dst, src, R 



(11 + 10n) 



Special Input, Increment and Repeat 

dst — src 

Autoincrement dst address 
R - R-1 
Repeat until R = 



SOUT* dst, src DA 

SOUTB* 



12 12 12 



Special Output 

dst — src 



SOUTD* dst, src, R IR 

SOUTDB* 



21 21 21 



Special Output and Decrement 

dst — src 

Autodecrement src address 

R - R-1 



SOTDR* dst, src, R IR 

SOTDRB* 



(11 + 10n) 



Special Output, Decrement and Repeat 

dst «- src 

Autodecrement src address 
R - R-1 
Repeat until R = 



SOUTI* 
SOUTIB* 



dst, src, R 



21 21 21 



Special Output and Increment 

dst — src 

Autoincrement src address 
R - R-1 



SOTIR* 
SOTIRB* 



dst, src, R 



(11 + 10n) 



Special Output, Increment and Repeat 

dst — src 

Autoincrement src address 
R - R-1 
Repeat until R = 



* Privileged instructions, executed in system mode only. 
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CPU Control 




Operands 






Clock Cycles 






Mnemonics 


Addr. 
Modes 


NS 


Word, Byte 
SS 


SL 


Long Word 
NS SS SL 


Operation 


COMFLG 


flags 




7 


7 


7 




Complement Flag 

(Any combination of C,Z,S,P/V) 


Dl* 


int 




7 


7 


7 




Disable Interrupt 

(Any combination of NVI, VI) 


El* 


int 




7 


7 


7 




Enable Interrupt 

(Any combination of NVI, VI) 


HALT* 






(8 + 


■ 3n) 






HALT 


LDCTL* 


CTLR, src 


R 


7 


7 


7 




Load into Control Register 

CTLR — src 


LDCTL* 


dst, CTLR 


R 


7 


7 


7 




Load from Control Register 

dst *- CTLR 


LDCTLB 


FLGR, src 


R 


7 


7 


7 




Load into Flag Byte Register 

FLGR — src 


LDCTLB 


dstFLGR 


R 


7 


7 


7 




Load from Flag Byte Register 

dst - FLGR 


LDPS* 


src 


IR 

DA 

X 


12 
16 
17 


16 
20 
20 


16 
22 
23 




Load Program Status 

PS — src 


MBIT* 






7 


7 


7 




Test Multi-Micro Bit 

Set S if Ml is Low; 
clear S if Ml is High 


MREQ* 


dst 


R 


(12 


+ 7n) 






Multi-Micro Request 


MRES* 






5 


5 


5 




Multi-Micro Reset 


MSET* 






5 


5 


5 




Multi-Micro Set 


NOP 






7 


7 


7 




No Operation 


RESFLG 


flag 




7 


7 


7 




Reset Flag 

(Any combination of C,Z,S,P/V) 


SETFLG 


flag 




7 


7 


7 




Set Flag 

(Any combination of C,Z,S,P/V) 



* Privileged instructions; executed in system mode only. 
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Extended Instructions 



Function 



Addr. 
Modes 



Clock Cycles 



NS 



SL Operation 



Memory — EPU 



IR 

DA 
X 



(1 1 + 3n) (11+ 3n) (1 1 + 3n) Load Memory from EPU 

(15 + 3n) (15 + 3n) (18 + 3n) Write n words from EPU into memory 
(14 + 3n) (15 + 3n) (17 + 3n) 



EPU — Memory 



IR 
DA 
X 



(1 1 + 3n) (11+ 3n) (1 1 + 3n) Load EPU from Memory 

(15 + 3n) (15 + 3n) (18 + 3n) Read n words from memory into EPU 
(14 + 3n) (15 + 3n) (17 + 3n) 



CPU - EPU Registers 



(1 1 + 4n) (11+ 4n) (1 1 + 4n) Load VMPU from EPU 

Transfer n words from EPU to Z-VMPU registers 



EPU - CPU Registers 



(11 + 4n) (11 + 4n) (11 + 4n) Load EPU from VMPU 

Transfer n words from Z-VMPU registers to EPU 



Flags - EPU 



15 15 15 Load FCW from EPU 

Load information from EPU into flags of the 
Z-VMPU's Flag and Control Word 



EPU - Flags 



15 15 15 Load EPU from FCW 

Transfer information from Z-VMPU's Flag and 
Control Word to EPU 



EPU Internal Operations 



(1 1 + 4n) (11+ 4n) (1 1 + 4n) 



Internal EPU Operations 

Z-VMPU treats this template as a "no-operations" 
it is typically used to initiate an internal EPU 
operation. The character is a field in the 
instruction. 
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ABSOLUTE MAXIMUM RATINGS 

Voltages on all pins with respect 

toGND -0.3V to +7.0V 

Operating Ambient Temperature 0°Cto +70°C 

Storage Temperature -65°Cto +150°C 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; opera- 
tion of the device at any condition beyond those indicated in the operational 
section of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



STANDARD TEST CONDITIONS 

Standard test temperature/operating voltage ranges are 
presented below. All voltages are referenced to GND. Posi- 
tive current flows into the referenced pin. 

■ 0°Cto +70°C, + 4.75V <V CC < + 5.25V 

■ -40°Cto +85°C, + 4.75V <V CC < + 5.25V 

All ac parameters assume a load capacitance of 1 00 pf max, 
except for parameter 6, which has a load capacitance of 50 
pf max. Timing references between two output signals as- 
sume a load difference of 50 pf max. 

The Ordering Information section lists package temperature 
ranges and product numbers. Package drawings are in the 



Package Information section. Refer to the Literature List for 
additional documentation. 

+5V 



FROM OUTPUT , 




Figure 18. Standard Test Load 



DC CHARACTERISTICS 



Symbol Parameter 



Min 



Max 



Unit 



Condition 



V C H 


Clock Input High Voltage 


Vcc-0.4 


Vcc + 0.3 


V 


Driven by External Clocl< 


V C L 


Clock Input Low Voltage 


-0.3 


0.45 


V 


Driven by External Clocf 1 


V| H 


Input High Voltage 


2.0 


Vcc + 0.3 


V 




V|L 


Input Low Voltage 


-0.3 


0.8 


V 




V H 


Output High Voltage 


2.4 




V 


l 0H = "250 A 


Vol 


Output Low Voltage 




0.4 


V 


Iql = + 2.0 mA 


IlL 


Input Leakage 




±10 


A 


0.4 V| N +2.4V 


lOL 


Output Leakage 




±10 


A 


0.4VQUT + 2.4V 


'cc 


Vqc Supply Current 




300 


mA 


4 + 6 MHz commercial 








400 


mA 


Extended Temp. Range 








400 


mA 


10 MHz Speed Range 



AC CHARACTERISTICS! 



Number Symbol 



Parameter 



Z8003/Z8004 Z8003A/Z8004A Z8003B/Z8004B 

(4 MHz) (6 MHz) (10 MHz) 

Min Max Mln Max Min Max 



1 


TcC 


Clock Cycle Time 


250 


2000 


165 


2000 


100 


2000 


2 


TwCh 


Clock Width (High) 


105 


2000 


70 


2000 


40 




3 


TwCI 


Clock Width (Low) 


105 


2000 


70 


2000 


40 




4 


TfC 


Clock Fall Time 




20 




10 




10 


5 


TrC 


Clock Rise Time 




20 




15 




10 


6 


TdC(SNv) 


Clock t to Segment Number Valid 
(50 pF load) 




130 




110 




70 


7 


TdC(SNn) 


Clock t to Segment Number Not Valid 


20 




10 




5 




8 


TdC(Bz) 


Clock t to Bus Float 




65 




55 




40 


9 


TdC(A) 


Clock t to Address Valid 




100 




75 




50 


10 


TdC(Az) 


Clock t to Address Float 




65 




55 




40 


11 


TdA(DR) 


Address Valid to Read Data Required Valid 




475* 




305* 




180* 


12 


TsDR(C) 


Read Data to Clock i Setup Time 


30 




20 




10 




13 


TdDS(A) 


DS t to Address Active 


80* 




45* 




20* 




14 


TdC(DW) 


Clock t to Write Data Valid 




100 




75 




50 


15 


ThDR(DS) 


Read Data to DS t Hold Time 

















16 


TdDW(DS) 


Write Data Valid to DS t Delay 


295* 




195* 




110* 





t Timings are preliminary and subject to change. Units in nanoseconds. 
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AC CHARACTERISTICS! (Continued) 



Number Symbol 



Parameter 



Z8003/Z8004 


Z8003A/Z8004A 


Z8003B/Z8004B 




(4 MHz) 


(6 MHz) 


(10 MHz) 




Min 


Max 


Min 


Max 


Min 


Max 






55* 


35* 




20* 








80 




70 




40 




210* 




135* 




80* 






70* 




35* 




20* 






55* 


370* 
80 
80 


35* 


230* 
60 
60 


15* 


140* 
45 
40 




55* 


90 
360* 


35* 


80 

220* 


20* 


40 

140* 




70* 




35* 




15* 






85* 




55* 




30* 






70* 




45* 




20* 




N 

















00 


80* 




55* 




30* 




§ 




205* 




130* 




70* 




70 




65 




45 


CO 


75* 




45* 




25* 




£ 


180* 




110* 




65* 




< 




120 




85 




60 


3 

a 


275* 




185* 




110* 






95 




80 




60 


185* 




110* 




75* 






330* 




210* 




120* 






120 




90 




60 




410* 




255* 




160* 






1065* 


120 
455* 

110 


690* 


85 
295* 

85 


410* 


65 
165* 

60 




50* 




30* 




10* 






180 




70 




50 























100 




70 




50 






140 




70 




50 






110 




50 




40 






20 




20 




10 






70 




55 




40 























180 




110 




80 









120 





85 





70 




140 




80 




50 























50 




30 




20 






10 




10 




5 






90 




80 




60 






10 


100 
100 


10 


75 
75 


5 


60 
60 




150* 




95* 




50* 






80* 




55* 




30* 






50 




30 




25 
























17 


TdA(MR) 


18 


TdC(MR) 


19 


TwMRh 


20 


TdMR(A) 


21 


TdDW(DSW) 


22 


TdMR(DR) 


23 


TdC(MR) 


24 


TdC(ASf) 


25 


TdA(AS) 


26 


TdC(ASr) 


27 


TdAS(DR) 


28 


TdDS(AS) 


29 


TwAS 


30 


TdAS(A) 


31 


TdAz(DSR) 


32 


TdAS(DSR) 


33 


TdDSR(DR) 


34 


TdC(DSr) 


35 


TdDS(DW) 


36 


TdA(DSR) 


37 


TdC(DSR) 


38 


TwDSR 


39 


TdC(DSW) 


40 


TwDSW 


41 


TdDSI(DR) 


42 


TdC(DSf) 


43 


TwDS 


44 


TdAS(DSA) 


45 


TdC(DSA) 


46 


TdDSA(DR) 


47 


TdC(S) 


48 


TdS(AS) 


49 


TsR(C) 


50 


ThR(C) 


51 


TwNMI 


52 


TsNMI(C) 


53 


TsVI(C) 


54 


ThVI(C) 


55 


TsSGT(C) 


56 


ThSGT(C) 


57 


TsMI(C) 


58 


ThMI(C) 


59 


TdC(MO) 


60 


TsSTP(C) 


61 


ThSTP(C) 


62 


TsW(C) 


63 


ThW(C) 


64 


TsBRQ(C) 


65 


ThBRQ(C) 


66 


TdC(BAKr) 


67 


TdC(BAKf) 


68 


TwA 


69 


TdDS(S) 


70 


TsABT(C) 


71 


ThABT(C) 



Address V alid to MREQ i Delay 

Clock I to MREQ i Delay 

MH15 Width (High) 

MREQ i to Address Not Active 

Write D ata Valid to DS i (Write) Delay 

MREQ I to Rea d Data Required Valid 

Clock 1 MREQ t Delay 

Clock t to AS I Delay 

Address Valid to AS t Delay 

Clock I to A§ t Delay 

AS t to Read Data Required Valid 

DS t to AS i Delay 

AS Width (Low) 

AS t to Address Not Active Delay 

Address Float to DS (Read) i Delay 

AS t to DS (Read) I Delay 

DS (Read) I to Read Data Required Valid 

Clock 1 to DS t Delay 

DS t to Write DataJMot Valid 

Address Valid to DS (Read) i Delay 

Cjpck t to DS (Read) J Delay 

DS (Read)_Width (Low) 

C|ock 1 to DS (Write) i Delay 

DS (Write) Width (Low) 

DS (I/O) i tojjtead Data Required Valid 

Clock 1 to DS (I/O) I Delay 

DS (l/0)_Width (Low) 

AS t to DSJAcknowledge) i Delay 

Clock t to DS (Acknowledge) J Delay 

DS (Acknowledge) i to Read Data 

Required Delay 
Clock t to Status_Valid Delay 
Status V alid to AS t Delay 
RESET to Clock t Setup Time 
RESET to Clock I Hold Time 
NMI Width (Low) 
NMI to Clock t Setup Time 
VI, NV| to Clock t Setup Time 
VI, NVI to Clock t Hold Time 
SAT to Clock t Setup Time 
SAT to Clock t Hold Time 
ML to Clock t Setup Time 
Ml to ClockHHold Time 
Clock t to MO Delay 
STOP to Clock 1 Setup Time 
STOP to Clock I Hold Time 
WAIT to Clock i Setup Time 
WAIT to C lock i Hold Time 
BUSREQ to Clock t Setup Time 
BUSREQ t o Clock t Hold Time 
Clock t to BUSACK t Delay 
Clock t to BUSACK J Delay 
Address Valid Width 
DS t to STATUS Not Valid 
ABORT I to Clock t Setup Time 
ABORT I to Clock i Hold Time 



*Clock-cycle-time-dependent characteristics. See table on 
following page. 

turnings are preliminary and subject to change. Units in 
nanoseconds(ns). 
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COMPOSITE AC TIMING DIAGRAM 
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CLOCK-CYCLE-TIME-DEPENDENT CHARACTERISTICS 







Z8003 


Z8003A 


Z8003B 


Number Symbol 


Equation 


Equation 


Equation 


11 


TdA(DR) 


2TcC + TwCh- 130 ns 


2TcC + TwCh - 95 ns 


2TcC + TwCh - 60 ns 


13 


TdDS(A) 


TwCI - 25 ns 


TwCI - 25 ns 


TwCI - 20 ns 


16 


TdDW(DS) 


TcC + TwCh - 60 ns 


TcC + TwCh - 40 ns 


TcC + TwCh - 30 ns 


17 


TdA(MR) 


TwCh - 50 ns 


TwCh - 35 ns 


TwCh - 20 ns 


19 


TwMRh 


TcC - 40 ns 


TcC - 30 ns 


TcC - 20 ns 


20 


TdMR(A) 


TwCI - 35 ns 


TwCI - 35 ns 


TwCI - 20 ns 


21 


TdDW(DSW) 


TwCh - 50 ns 


TwCh - 35 ns 


TwCh - 25 ns 


22 


TdMR(DR) 


2TcC-130 ns 


2TcC- 100 ns 


2TcC - 60 ns 


25 


TdA(AS) 


TwCh - 50 ns 


TwCh - 35 ns 


TwCh - 20 ns 


27 


TdAS(DR) 


2TcC- 140 ns 


2TcC- 110 ns 


2TcC - 60 ns 


28 


TdDS(AS) 


TwCI - 35 ns 


TwCI - 35 ns 


TwCI - 25 ns 


29 


TwAS 


TwCh - 20 ns 


TwCh- 15 ns 


TwCh- 10 ns 


30 


TdAS(A) 


TwCI - 35 ns 


TwCI - 25 ns 


TwCI - 20 ns 


32 


TdAS(DSR) 


TwCI - 25 ns 


TwCI -15 ns 


TwCI -10 ns 


33 


TdDSR(DR) 


TcC + TwCh -150 ns 


TcC + TwCh -105 ns 


TcC + TwCh - 70 ns 


35 


TdDS(DW) 


TwCI - 30 ns 


TwCI - 25 ns 


TwCI -15 ns 


36 


TdA(DSR) 


TcC - 70 ns 


TcC - 55 ns 


TcC - 35 ns 


38 


TwDSR 


TcC + TwCh - 80 ns 


TcC + TwCh - 50 ns 


TcC + TwCh - 30 ns 


40 


TwDSW 


TcC - 65 ns 


TcC - 55 ns 


TcC - 25 ns 


41 


TdDSI(DR) 


2TcC- 170 ns 


2TcC- 120 ns 


2TcC - 80 ns 


43 


TwDS 


2TcC - 90 ns 


2TcC - 75 ns 


2TcC - 40 ns 


44 


TdAS(DSA) 


4TcC + TwCI - 40 ns 


4TcC + TwCI - 40 ns 


4TcC + TwCI - 30 ns 


46 


TdDSA(DR) 


2TcC + TwCh -150 ns 


2TcC + TwCh -105 ns 


2TcC + TwCh - 75 ns 


48 


TdS(AS) 


TwCh - 55 ns 


TwCh - 40 ns 


TwCh - 30 ns 


68 


TwA 


TcC - 90 ns 


TcC - 70 ns 


TcC - 50 ns 


69 


TdDS(S) 


TwCI - 25 ns 


TwCI -15 ns 


TwCI -10 ns 



00-2084-02 
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ORDERING INFORMATION 



Z8003 Segmented VMPU, 4.0 MHz 
48-pin DIP 

Z8003 PS 
Z8003 CS 
Z8003PE 
Z8003 CE 



Z8004 Nonsegmented VMPU, 4.0 MHz 
40-pin DIP 

Z8004 PS 
Z8004CS 
Z8004 PE 
Z8004CE 



Z8003A Segmented VMPU, 6.0 MHz 
48-pin DIP 

Z8003A PS 
Z8003ACS 
Z8003A PE 
Z8003ACE 



Z8004A Nonsegmented VMPU, 6.0 MHz 
40-pin DIP 

Z8004A PS 
Z8004A CS 
Z8004A PE 
Z8004ACE 



Z8003B Segmented VMPU, 10.0 MHz 
48-pin DIP 

Z8003B PS 
Z8003B CS 
Z8003B PE 
Z8003B CE 



Z8004B Nonsegmented VMPU, 10.0 MHz 
40-pin DIP 

Z8004B PS 
Z8004B CS 
Z8004B PE 
Z8004B CE 



Codes 



First letter is for package; second letter is for temperature. 



C = Ceramic DIP 

P = Plastic DIP 

L = Ceramic LCC 

V = Plastic PCC 



R = Protopack 
T = Low Profile Protopack 
DIP = Dual-ln-Line Package 
LCC = Leadless Chip Carrier 
PCC = Plastic Chip Carrier (Leaded) 



TEMPERATURE 
S =0°Cto+70°C 
E = -40°Cto +85°C 
M*= -55°Cto+125°C 



FLOW 

B = 883 Class B 



Example: PS is a plastic DIP, 0°C to + 70°C. 

t Available soon 

*For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 
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280,000 
Family 



Zilog 



Zilog Z80,000™ Family 



Provides 16- and 32-Bit 
Microprocessor Solutions 



Advance Information 



March 1985 



Zilog continues its tradition of 
state-of-the-art microprocessor com- 
ponents with the introduction of the 
32-bit Z80.000 CPU and the Z8070 
floating-point Arithmetic Processing 
Unit (APU). These two devices bring 
the performance of super minicom- 
puters and mainframe computers 
into the realm of microprocessor- 
based systems. The advances in 
VLSI technology used in these inte- 
grated circuits herald a major break- 
through in the range of options 
available to the systems designer. 

The Z80,000. The Z80.000 CPU 
provides the flexibility of a 1 6-bit 
CPU. Oriented to applications in 
which high throughput is required, 
its file of 16 general-purpose regis- 
ters handles bytes, words, and long 
words with equal facility. The rich 
instruction set combines powerful 
addressing modes and operations 
in a manner that aids assembly- 
language coding of time-critical 
applications, and still provides the 
completeness desirable for efficient 
compiler-generated code. 

The Z80.000 CPU can be config- 
ured under software control to use 
16-bit logical addresses (ideally 
suited for high-speed controller 
applications) or 32-bit addresses (for 
large-system tasks). The 32-bit ad- 
dress modes support both a linear 
addressing space and an alternative 
segmented addressing space, 
which are selected by the user ac- 
cording to the application's 
requirements. 



Other system features include 
System and Normal modes of opera- 
tion, a sophisticated trapping 
mechanism, a high-performance 
bus structure, and built-in multipro- 
cessor support. Finally, the device 
has a high-performance interface to 
the Z8070 Arithmetic Processing 
Unit so that the two devices can 
operate in tandem to execute 
floating-point instructions in the 
CPU's instruction stream. 

An on-chip cache and a memory 
management unit (MMU), coupled 
with a sophisticated instruction pipe- 
line, enable the Z80.000 to execute 
instructions at a rate of up to one 
instruction per processor cycle. The 
256-byte cache provides an auto- 
matic buffering mechanism to hold 
the most recently fetched instruc- 
tions and data on the chip itself. 
Thus, subsequent references to 
these items do not require lengthy 
memory transactions but instead 
can be fetched in a single processor 
cycle. The memory management 
unit on the chip contains all the infor- 
mation needed to translate the most 
recently used logical addresses 
generated by the CPU into the physi- 
cal addresses used by the memory 
system. With each address transla- 
tion, access attributes are automati- 
cally checked to determine whether 
or not the access is permitted. The 
MMU can be used to implement a 
virtual memory or can be disabled 
entirely for applications that do not 
need memory management. 



Peripheral Support. The Z80.000 
uses Zilog's Z-BUS™, so the entire 
Z8000 family of circuits are available 
for use with it. Multifunction Z-BUS 
peripherals are extensively program- 
mable, so each can be precisely 
tailored to an application. Counting, 
timing, and parallel I/O are tasks 
handled by the Z8036 Z-CIO 
Counter/Timer and Parallel I/O Unit, 
which has three 1 6-bit counter/timers 
and three I/O ports. 

Data communications are the 
domain of the Z8030 Z-SCC Serial 
Communications Controller and the 
Z8031 Z-ASCC Asynchronous Serial 
Communications Controller, both 
dual-channel multiprotocol compo- 
nents that between them support all 
popular communication formats. 

Direct memory access compo- 
nents are supplied by the Z801 6 
Z-DTC DMA Transfer Controller, a 
fast, dual-channel device that sup- 
ports l/O-to-memory data transfers 
without CPU intervention. In addi- 
tion, the Z-BUS versions of the Z800 
can be used as I/O processors, with 
their on-chip DMA channels pro- 
grammed to transfer data in a 
Z80,000-based system. 
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General-purpose control and 
data-manipulation problems are 
solved by the Z8090 Z-UPC Univer- 
sal Peripheral Controller, a complete 
microcomputer-on-a-chip that uses 
the Z8 instruction set and features 
three I/O ports and two 8-bit counter/ 
timers. The Z8038 Z-FIO FIFO Input/ 
Output Interface Unit can be 



interconnected with asynchronous 
subsystems of a multiprocessor 
system to interface any major micro- 
processor to the Z-BUS. Its buffer 
depth can be expanded using the 
Z8060 Z-FIFO Buffer Unit. Another 
support peripheral circuit that can 
be used with the Z80.000 is the 
Z8068 Z-DCP Data Ciphering 
Processor. 



The Z8581 CTC Clock Generator 
Controller can be used to generate 
the clock timing required by the 
Z80.000. This device uses the same 
technology as the Z80.000 and 
provides a power-on reset signal 
and auxiliary clocking signals. 

Finally, the Z8070 FPU Arithmetic 
Processing Unit provides the 
floating-point processing power for 
theZ80,000CPU. 
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FEATURES 

■ Full 32-bit architecture and implementation 

■ 4G (billion) bytes of directly addressable memory 

■ Linear or segmented address space 

■ Virtual memory management integrated with CPU 

■ On-chip cache memory 

■ General-purpose register file with sixteen 32-bit 
registers 

■ Nine general addressing modes 

■ Numerous data types include bit, bit field, logical 
value, signed integer, and string 

■ Extended Processing Architecture supports floating- 
point operations 



Regular use of operations, addressing modes, and 
data types in instruction set 

System and normal modes of operation with 
separate stacks 

Sophisticated interrupt and trap handling 

Software is a binary-compatible extension of 
Z8000™ software 

Hardware is compatible with other Z-BUSTM com- 
ponents 

Mainframe performance 



i 
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GENERAL DESCRIPTION 

The Z80.000 CPU is an advanced, high-end 32-bit 
microprocessor that integrates the architecture of a 
mainframe computer into a single chip. While maintain- 
ing full compatibility with Z8000 family software and 
hardware, the Z80.000 CPU offers greater power and 
flexibility in both its architecture and interface capability. 
Operating systems and compilers are easily developed 
in the Z80.000 CPU's high-quality environment, and the 
hardware interface provides for connection to a wide 
variety of system configurations. 

Addresses in the Z80,000 CPU are 32 bits. This allows 
direct addressing of 4G bytes in each of four address 
spaces: system-mode data, system-mode instruction, 
normal-mode data, and normal-mode instruction. The 
CPU supports three modes of address representation. 
The 16-bit compact addresses are compatible with 
Z8000 nonsegmented mode. The 32-bit segmented ad- 
dresses include both 16-bit offset, which is compatible 
with Z8000 segmented mode, and 24-bit offset. In addi- 
tion a full 32-bit linear address space is provided. 



The CPU features a general-purpose register file with 
sixteen 32-bit registers and nine operand addressing 
modes. The various addressing modes allow encoding 
choices for compact representation or for full 32-bit ad- 
dressing. The instruction set can operate on bit, bit field, 
logical value, signed integer, unsigned integer, address, 
string, stack, and packed decimal byte data types. 
Logical and arithmetic instructions operate on bytes (8 
bits), words (16 bits) and longwords (32 bits). The Extend- 
ed Processing Architecture (EPA) supports floating-point 
operations. In addition, the instruction set is highly 
regular in combining operations, data types, and ad- 
dressing modes. High-level language compilation is sup- 
ported with instructions for procedure linkage, array in- 
dex calculation, and bounds checking. Other instruc- 
tions provide operating system functions such as system 
call and control of memory management. 

There are two main operating modes, system and nor- 
mal, supported by separate stacks. User programs 
operate in normal mode, while sensitive operating 
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system functions are performed in system mode. This 
protects critical parts of the operating system from user 
access. In addition, some instructions are privileged, 
and execute only in system mode. Memory management 
functions protect both system memory from user pro- 
grams, and user memory from other users. Vectored, 
nonvectored, and nonmaskable interrupts support real- 
time operating systems. 

Memory management is fully integrated with the CPU; 
no external support circuitry is necessary. A paging ad- 
dress translation mechanism is implemented. Registers 
in the CPU point to address translation tables located in 
memory; the most recently used table entries are kept in 
a Translation Lookaside Buffer (TLB) in the CPU. The 
CPU performs logical to physical address translation and 
access protection for each memory reference. When a 
logical memory reference causes a translation or pro- 
tection violation, the state of the CPU is automatically 
restored to restart the instruction. I/O ports can be 
referenced either by dedicated instructions or by the 
memory management mechanism mapping logical 
memory addresses to I/O port addresses. 

Extensive trapping facilities, such as integer overflow, 
subrange out of bounds, and subscript out of bounds, 
catch common run-time errors. Software debuggers can 
use trace and breakpoint traps. Privileged instruction 
traps and memory protection violation traps secure the 



operating system from user programming errors or 
mischief. The overflow stack allows recovery from other- 
wise fatal errors. 

The CPU has full 32-bit internal address and data paths. 
Externally, 32 pins time-multiplex the address and data. 
The interface is compatible with the complete line of 
Z-BUS peripherals. The hardware interface features 
16-bit or 32-bit memory data path and programmable 
wait states. Burst transfers and an on-chip cache for in- 
structions and data help develop high-performance 
systems. The interface supports multiprocessing con- 
figurations with interlocked memory references and two 
types of bus request protocols. The system designer can 
tailor the Z80,000-based system; to cost and perfor- 
mance needs. 

In summary, the Z80,000 CPU meets and surpasses the 
requirements of medium and high-end microprocessor 
systems for the 1980s. Software program development 
is easily accomplished with the CPU's sophisticated ar- 
chitecture. The highly pipelined design, on-chip cache, 
and external interface support systems ranging from 
dedicated controllers to mainframe computers. While 
Zilog continues to develop support for the Z80.000 CPU, 
Z8000 peripherals and development software are fully 
compatible with this latest in Zilog's line of high- 
performance microprocessors. 



REGISTERS 



The Z80.000 CPU is a register-oriented processor offering 
sixteen 32-bit general-purpose registers, a 32-bit Program 
Counter (PC), a 16-bit Flag and Control Word (FCW), and 
nine other special-purpose registers. 

The general-purpose register file (Figure 1) contains 64 

bytes of storage. The first 16 bytes (RLO.RHO RL7.RH7) 

can be used as accumulators for byte data. The first 16 
words (R0,R1,...,R15) can be used as accumulators for 
word data, as index registers (except RO), or for memory ad- 
dresses in compact mode (except RO). Any longword regis- 
ter (RR0,RR2,...,RR30) can be used as an accumulator for 
longword data, an index register in linear or segmented 
mode (except RRO), or for memory addresses in linear or 
segmented mode (except RRO). Quadword registers 
(RQ0.RQ4 RQ28) can be used as accumulators for Multi- 
ply, Divide, and Extend Sign instructions. This unique regis- 
ter organization allows bytes and words of data to be 
manipulated conveniently while leaving most of the register 
file free to hold addresses, counters, and any other data. 

Two registers are dedicated to the Stack Pointer (SP) and 
Frame Pointer (FP) used by Call, Enter, Exit, and Return 



instructions. In compact mode, R15 is the Stack Pointer 
and R14 the Frame Pointer. In linear or segmented 
mode, RR14 is the Stack Pointer and RR12 is the Frame 
Pointer. 
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Figure 1. General-Purpose Register File 
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The PC and FCW form the Program Status (Figure 2), 
which is automatically saved for traps and interrupts. 
The bits in FCW indicate operating modes, masks for 
traps and interrupts, and flags set according to the result 



of instructions. The remaining special registers are used 
for memory management, system configuration, and 
other CPU control (Figure 3). 
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INTEGER OVERFLOW ENABLE (IV) 
HALF CARRY (H) 
DECIMAL-ADJUST (D) 
PARITY/OVERFLOW (P/V) 
SIGN (S) 
ZERO (Z) 
CARRY (C) 



- TRACE (T) 

- TRACE PENDING (TP) 

- LINEAR/SEGMENTED MODE (US) 

- NONVECTORED INTERRUPT ENABLE (NVIE) 

- VECTORED INTERRUPT ENABLE (VIE) 

- EXTENDED PROCESSOR ARCHITECTURE (EPA) 

- SYSTEM/NORMAL MODE (S/N) 

- EXTENDED/COMPACT MODE (E/C) 

FLAG AND CONTROL WORD (FCW) 



JL. 



PROGRAM COUNTER (PC) 

Figure 2. Program Status Registers 



ADDRESS SPACES 

As shown in Figure 4, the CPU has three modes of ad- 
dress representation: compact, segmented, and linear. 
The mode is selected by two control bits in the Flag and 
Cojitrol Word register (Table 1). The Extended/Compact 
(E/C) bit selects whether compact addresses (16 bits) or 
extended addresses (32 bits) are used. For extended ad- 
dresses the Linear/Segmented (US) bit selects whether 
linear or segmented addresses are used. 

The Load Address instruction can be used to manipulate 
addresses in any mode of representation. 

In compact mode, addresses are 16 bits. Address 
calculations using compact addresses involve all 16 bits. 
Compact mode is more efficient and less program- 
consuming for applications requiring less than 64K bytes 
of program and less than 64K bytes of data. This efficien- 



cy is due to shorter instructions in compact mode, and 
the fact that addresses in the register file use word 
rather than longword registers. Applications requiring 
more than 64K bytes of either program or data should 
use segmented or linear modes. 

Table 1. Address Representation 

Control Bits in FCW Representation 
E/C US 
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TRANSLATION TABLE DESCRIPTOR REGISTERS 
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Figure 3. Special-Purpose Control Registers 
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(C) LINEAR ADDRESSES 

Figure 4. Address Representations 



In segmented mode, addresses are 32 bits. Segmented 
addresses are composed of either a 15-bit segment 
number and a 16-bit segment offset or a 7-bit segment 
number and a 24-bit segment offset. Bit 31 of the ad- 
dress selects either of the two types of segmented ad- 
dresses. Address calculations using segmented ad- 
dresses involve only the segment offset; the segment 
number is unaffected. In segmented mode, the address 
space allows up to 32,768 segments of 64K-byte max- 
imum size and up to 128 segments of 16M-byte max- 
imum size. Many applications benefit from the logical 
structure of segmentation by allocating individual ob- 
jects, such as a program module, stack, or large data 
structure, to separate segments. 

In linear mode, addresses are 32 bits. Address calcula- 



tions using linear addresses involve all 32 bits. In linear 
mode, the address space of 4G bytes is uniform and 
unstructured. Many applications benefit from the flex- 
ibility of linear addressing by allocating objects at ar- 
bitrary positions in the address space. 

Memory is byte addressable by the CPU. The address 
used for multiple-byte data is the address of the most- 
significant byte. Multiple-byte data can be located at any 
byte address with no alignment restrictions. 

I/O ports can be addressed by either dedicated instruc- 
tions or by the memory management mechanism map- 
ping logical memory addresses to I/O ports. I/O ports 
can be byte, word, or longword in size. 



NORMAL AND SYSTEM MODES 

The CPU has two modes_of operation, normal and 
system, selected by the S/N bit in the Flag and Control 
Word register. These modes impact on CPU operation in 
three areas: privileged instructions, stack pointers, and 
memory management. 

Since the most sensitive portions of the operating 
system usually execute in system mode, separate stack 
pointers are used to isolate the two operating modes. 



Some instructions, such as those performing I/O opera- 
tions or accessing control registers, can only be ex- 
ecuted in system mode; in addition, the memory 
management mechanism allows access to some 
memory locations in system mode only. Programs ex- 
ecuting in normal mode can request services from the 
operating system using the System Call instruction and 
trap. 
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THEORY OF OPERATION 



Figure 5 shows a block diagram of the Z80.000 CPU's inter- 
nal organization, including the following major functional 
units and data paths: 

■ The external interface logic controls transactions on the 
bus. Addresses and data from the internal memory bus 
are transmitted through the interface to the Z-BUS. The 
Z-BUS is a time-multiplexed, address/data bus that con- 
nects the components of a microprocessor system. 

■ The cache stores copies of instruction and data memory 
locations. Instructions are read from the cache on the in- 
struction bus. Data is read from or written to the cache on 
the memory bus. The cache also includes a copy of the 
physical Program Counter, so that the logical addresses 
of instructions are translated only for branches and when 
incrementing the Program Counter across a page 
boundary. 

■ The Translation Lookaside Buffer (TLB) translates logical 
addresses calculated by the address arithmetic unit to 
physical addresses used to access the cache. 

■ The address arithmetic unit performs all address calcula- 
tions. This unit has a path to the register file for reading 
base and index registers and another path to the instruc- 
tion bus for reading displacements and direct addresses. 
The result of the address calculation is transmitted to the 
TLB. 

■ The register file contains the sixteen general-purpose 
longword registers, Program Status registers, special- 
purpose control registers, and several registers used to 
store values temporarily during instruction execution. 
The register file has one path to the address arithmetic 
unit and two paths to the execution arithmetic and logic 
unit. 

■ The execution arithmetic and logic unit calculates the 
results of instruction execution, such as add, exclusive- 
OR, and simple load. This unit has two paths to the regis- 
ter file on which two operands can be read 
simultaneously or one can be written. One of the paths to 
the register file is multiplexed with a path from the mem- 
ory bus. 

■ The instruction decoding and control unit decodes in- 
structions and controls the operation of the other func- 
tional units. This unit has a path from the instruction bus 
and two programmable logic arrays for separate micro- 
coded control of the two arithmetic units. This unit also 
controls exception handling and TLB loading. 

All of the functional units and data paths listed above are 32 
bits wide. 



The operation of the CPU is highly pipelined so that several 
instructions are simultaneously in different stages of execu- 
tion. Thus, the functional units effectively operate in parallel 
with one instruction being fetched while an address is calcu- 
lated for another instruction and results are stored for a third 
instruction. 

Figure 6 shows the six-stage, synchronous pipeline. Instruc- 
tions flow through each stage of the pipeline in sequence. 
The various pipeline stages can be working simultaneously 
on separate instructions or on separate portions of a single 
complex instruction. Each pipeline stage operates in one 
processor cycle, which is composed of two clock cycles, 
called +1 and <|>2. Thus, a processor cycle is 200 ns with a 1 
MHz clock or 80 ns with a 25 MHz clock. 

The instruction-fetch stage increments the Program Counter 
and initiates instructions fetched from the cache. The 
instruction-decoding stage receives and decodes instruc- 
tions to set up control of the address-calculation stage. 

The address-calculation stage can generally calculate a 
memory address in one processor cycle, except for Base In- 
dex, Relative, and Relative Index addressing modes, which 
require multiple cycles. After the logical effective address 
has been calculated, the corresponding physical address is 
provided by the TLB. The operand-fetch stage fetches the 
data from the cache and latches it into a holding register. 

The execution stage performs data manipulations. Byte, 
word, and longword results are generally calculated in one 
processor cycle, but certain instructions, such as multiply 
and block-move operations, require multiple cycles. During 
the execution stage, results are stored to registers. Results 
are stored to the cache and external memory during the 
operand-store stage. The flags are also set during the 
operand-store stage. 

The cache can handle two references during a processor 
cycle. Instruction fetches use the +2 clock cycle for tag com- 
parison and <(>1 for data access. Either an operand fetch or 
store can use <|>1 for tag comparison and +2 for data access. 

The pipeline allows single instructions, like register-to- 
register load and memory-to-register add, to execute at a 
rate of one per processor cycle. Thus, the peak perform- 
ance of the CPU is 12.5 million instructions per second 
(MIPS) with a 25 MHz clock. In practice, the actual perform- 
ance is reduced to approximately one-third of the peak be- 
cause of delays due to the execution of multiple-cycle 
instructions, interference between instructions in the pipe- 
line, and main memory accesses for cache and TLB misses. 
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Figure 5. Z80,000 CPU Functional Block Diagram 
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Figure 6. Instruction Pipeline 
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MEMORY MANAGEMENT 



The CPU and the operating system cooperate in translating 
logical to physical addresses and protecting memory for ex- 
ecute, read, and write accesses. The CPU implements a 
paging translation mechanism similar to that in most main- 
frame and super-minicomputers. The operating system cre- 
ates translation tables in memory, then initializes pointers to 
the tables in control registers. The CPU automatically refer- 
ences the tables to perform address translation and access 
protection. The CPU enables the operating system to imple- 
ment efficient virtual memory by marking pages that have 
been referenced or modified and by automatically recover- 
ing from address translation faults to allow instruction restart. 

The paging translation scheme implemented by the CPU di- 
vides the logical address spaces into pages and the physi- 
cal address space into frames. The logical pages and 
physical frames are each 1 K bytes. A logical page, which is 
specified by the 22 most-significant bits of the logical ad- 



dress, can be mapped into any physical frame, which is 
specified by the 22 most-significant bits of the physical ad- 
dress. The 10 least-significant bits, which specify the byte 
within a page or frame, are not translated. For each memory 
reference, the CPU translates the logical address to the cor- 
responding physical address and also tests whether access 
to the memory location is permitted. For most references 
the information needed to perform the translation is stored in 
the CPU Translation Lookaside Buffer (TLB). The TLB (Fig- 
ure 7) stores the translation information for the 16 most re- 
cently referenced pages in a fully associative memory. Only 
when information to translate the page is missing from the 
TLB does the CPU reference translation tables in memory. 
In the case of a TLB miss, the CPU translates the logical ad- 
dress using the procedure described below and the transla- 
tion information is loaded into the TLB entry of the least 
recently referenced page. 
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Figure 7. Address Translation Using the TLB 
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Figure 8. Automatic Loading of the TLB Using Tables in Memory 
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The address translation mechanism is a three-level paging 
scheme. A logical address is partitioned into an 8-bit level-1 
field (L1 ), an 8-bit level-2 field (L2), a 6-bit page number field 
(P), and a 1 0-bit page offset field (P-OFFSET). During trans- 
lation, the L1 , L2, and P fields are used as indexes into ta- 
bles in physical memory. The TF field of the Translation Table 
Descriptor register can be programmed to selectively skip 
the first and secondlevel tables to reduce both the storage 
space needed for tables and the number of references nec- 
essary to perform translation when the information to trans- 
late a page is missing from the on-chip TLB. 

To load the TLB (Figure 8), the CPU selects one of four table 
descriptor registers according to the address space for the 
reference: system instruction, system data, normal instruc- 
tion, or normal data. The table descriptor register points to 
the beginning of the level-1 table in memory; the L1 field of 
the logical address is used as an index into this table to se- 
lect the level-1 table entry. Next, the level-1 table entry points 
to the beginning of the level-2 table; the L2 field of the logical 
address is used as an index into this table to select the level-2 
table entry. After this, the level-2 table entry points to the be- 
ginning of the page table in memory; the P field of the logical 
address is used as an index into this table to select the page 
table entry. The page table entry contains the physical ad- 
dress of the frame corresponding to the logical address. The 
CPU then loads the logical page address and physical 
frame address into the TLB. 

When bit 31 in the page table entry is 1 , the frame is in physi- 
cal I/O space. The CPU uses I/O status and timing for the 
reference. Thus, the address translation process allows pro- 
tected access to memory-mapped I/O devices. 

Figures 9 and 10 show the translation and table entry 
formats. 



Access protection information (Table 2) is encoded in the 
4-bit PROT field contained in the Translation Table Descrip- 
tor, level-1 table entry, level-2 table entry, or page table entry. 
During the translation process, a PROT field is encountered 
at each level. The first PROT field with value other than 1 000 
is selected; the other PROT fields are ignored. The protec- 
tion code specifies the types of access (execute, read, and 
write) permitted in normal and system modes. A value of 
1 000 in the page table entry indicates no access. 

There are several optional features that allow the number of 
levels and the size of tables to be reduced. When memory 
address spaces are not separated, two or more of the trans- 
lation table descriptor registers can be loaded with the same 
value so that tables are held in common. The table descrip- 
tor register can specify that either or both of the level-1 and 
level-2 tables should be skipped during the translation proc- 
ess. Level-1 tables can be skipped when a 24-bit logical ad- 
dress space is sufficient, both level-1 and level-2 segment 
tables can be skipped for compact addresses, and level-2 
tables can be skipped for compatibility with Z8000 seg- 
mented addresses. The table size can be reduced by allo- 
cating only 256, 512, or 768 bytes for the tables; the 
remaining table entries are assumed invalid. The tables can 
be allocated efficiently for downward growing stacks by set- 
ting the G bit of the translation table descriptor or level-1 
table entry. 

During execution of an instruction, if an invalid translation ta- 
ble entry is encountered or a protection violation is detected, 
the CPU traps to the operating system. The CPU automati- 
cally saves the state of registers and memory so the instruc- 
tion can simply be restarted. 
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TABLE FORMAT (TF) 
TABLE SIZE (SIZ) 
PROTECTION (PROT) 
NEXT LEVEL TABLE 
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01 SKIP LEVEL 2 TABLES 

10 SKIP LEVEL 1 TABLES 
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TABLE SIZE 


VALID TABLE ENTRIES 


(SIZ) 


= 


G = 1 


00 


0TO 63 


TO 255 


01 


TO 127 


64 TO 255 


10 


TO 191 


128 TO 255 


11 


TO 255 


192 TO 255 



Figure 9. Translation Table Descriptor 



2071-007 
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LEVEL 1 TABLE ENTRY 



- VALID (V) 

- TABLE SIZE (SIZ) 

- PROTECTION (PROT) 
NEXT LEVEL TABLE 

* BASE (NLTB) 

- GROWTH DIRECTION (G) 



J I I I I I L-J I L—l I I L-J L-J L_l I I L. 




_1— 



LEVEL 2 TABLE ENTRY 



VALID (V) 

PROTECTION (PROT) 

NEXT LEVEL TABLE 
BASE (NLTB) 



L 



REFERENCE (R) 
VALID (V) 

MODIFICATION (M) 
NONCACHEABLE (NC) 
PROTECTION (PROT) 
UNUSED 

FRAME ADDRESS (FA) 
I/O 



PAGE TABLE ENTRY 



Figure 10. Table Entry Formats 



Table 2. Protection Field Encoding 



Encoding 


System 


Normal 


0000 


NA 


NA 


0001 


RE 


NA 


0010 


RE 


E 


0011 


RE 


RE 


0100 


E 


NA 


0101 


E 


E 


0110 


R 


NA 


0111 


R 


R 


1000 


Next 


Next 


1001 


RW 


NA 


1010 


RW 


R 


1011 


RW 


RW 


1100 


RWE 


NA 


1101 


RWE 


E 


1110 


RWE 


RE 


1111 


RWE 


RWE 



NA — no access is permitted 
R— read access is permitted 
W — write access is permitted 
E— execute access is permitted 

Next — use the protection field of the next level translation table; for page 
table entries, a PROT field of 1000 indicates no access is permitted. 



Several instructions are provided to help the operating 
system control memory management. The Purge TLB in- 
structions are used to purge the TLB of a single entry, 
normal mode entries, or all entries. The Load Physical 
Address instructions translate logical addresses into 
physical addresses, and set the flags to verify access 
permission for system call parameters. The Load Nor- 
mal Data and Load Normal Instruction instructions allow 
system mode programs to reference normal memory 
spaces. 

The memory management mechanism can be selective- 
ly enabled for normal and system space references by 
using the SX and NX bits of the System Configuration 
Control Longword register. 



486 



2071-008 



EXCEPTIONS 

The CPU supports four types of exceptions: reset, bus 
error, int errupts, and traps. A reset exception occurs 
when the RESET line is activated; this causes the CPU to 
be reset to an initialized state. A bus error exception oc- 
curs when external hardware indicates an error on a bus 
transaction. An interrupt is an asynchronous event that 
typically occurs when a peripheral device needs atten- 
tion. A trap is a synchronous event that occurs when a 
particular condition is detected during execution of an in- 
struction. 

In responding to a reset exception, the CPU fetches the 
program status (FCW and PC) from physical address 2. 
In responding to other exceptions, the CPU pushes the 
old program status onto the system stack along with in- 
formation specific to the type of exception. The CPU 
then fetches a new program status from the table 
designated by the Program Status Area Pointer control 
register. 

During exception processing, the mode of address 
representation for the system Stack Pointer and Pro- 
gram Status Area Pointer is either linear or segmented, 
selected by the XL/S bit in the System Configuration Con- 
trol Longword register. Three types of interrupts are sup- 
ported: vectored, nonvectored, and nonmaskable. The 
vectored and nonvectored interrupts have mask bits in 
the FCW. All interrupts read an identifier word from the 
bus during an interrupt acknowledge transaction and 
save the word on the system stack. Vectored interrupts 
use the lower byte of this word to select a unique PC 
value from the Program Status Area. 

The CPU recognizes twelve trap conditions. 

■ Extended Instruction trap occurs when an Extended 
Processing Architecture instruction is executed and 
the EPA bit in the FCW is clear. 

■ Privileged Instruction trap occurs when an attempt is 
made to execute a privileged instruction in normal 
mode. 

■ System Call trap occurs when the System Call in- 
struction is executed to request service from the 
operating system. 



■ Address Translation trap occurs when an address 
translation or access protection violation is 
detected. 

■ Unimplemented Instruction trap occurs when an at- 
tempt is made to execute an instruction with a 
reserved bit pattern. 

■ Odd PC trap occurs when an odd-byte address is 
loaded into the PC. 

■ Trace trap occurs after execution of an instruction 
when tracing is enabled by setting the T bit in the 
FCW. 

■ Breakpoint trap occurs when the Breakpoint instruc- 
tion is executed, usually to invoke a debugging or 
monitoring program. 

■ Conditional trap occurs when the Conditional trap in- 
struction is executed and the specified condition 
code is satisfied. This trap can allow detection of 
user-defined exceptions. 

■ Integer Arithmetic trap occurs when any of the 
following three error conditions is detected: 

• Integer Overflow error occurs when overflow is 
detected during execution of an integer arithmetic 
instruction and the IV bit in the FCW is set. 

• Bounds Check error occurs when the Check in- 
struction is executed and the source operand is 
out of bounds. 

• Index error occurs when the Index instruction is 
executed and the subscript operand is out of 
bounds. 

In descending order, the priority of exceptions is: reset, 
bus error, trap (other than trace), nonmaskable interrupt, 
vectored interrupt, and nonvectored interrupt. Trace 
Trap uses two control bits, T and TP, so that when trac- 
ing is enabled, exactly one trace trap occurs after each 
instruction is executed. 

When an Address Translation trap occurs for the system 
stack, the CPU cannot save the program status and 
other exception information on the system stack. The 
system can still recover from this otherwise fatal error 
because the CPU saves the information on the overflow 
stack designated in physical memory by the Overflow 
Stack Pointer control register. 



ADDRESSING MODES 



The CPU locates operands (the data manipulated by in- 
structions) in registers, memory, I/O ports, or in the instruc- 
tion. The location of an operand is specified by one of nine 
addressing modes (Figure 11): Register (R), Immediate 
(IM), Indirect Register (IR), Direct Address (DA), Index (X), 
Base Address (BA), Base Index (BX), Relative Address (RA), 
and Relative Index (RX). Most operations can be used with 
any addressing mode; however, some operations are re- 
stricted. Instruction encoding provides compact represen- 
tation for the most frequently used addressing modes. 



The term Extended Addressing Modes (EAM) refers to the 
following addressing modes that require one or more extra 
words to be added to the opcode. 

■ In compact mode: DA and X (X is equivalent to BA) 

■ In linear or segmented modes: DA, X, BA, BX, RA, and 
RX 
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Addressing Mode Operand Addressing 




Operand Value 






n the Instruction In a Register 


In Memory 




R 


Register 




- 












REGISTER NUMBER 


OPERAND 


The contents of the 
register 


IM 


rtmediate 










Ir 


OPERAND 


In the instruction 








*IR 


Indirect 
Register 












The contents of the 








_ r i 


location whose 










address is in the 
register 


DA 


Direct 
Address 








The contents of the 




ADDRESS 




location whose 
















instruction 


*X 


Index 








-% 




The contents of the 
location whose 
address is the address 




REGISTER NUMBER 


- 


INDEX 




BASE ADDRESS 


.P> 




in the instruction, plus 
the contents of the 
Index Register 




m KJ 












*BA 


Base 
Address 








^> 




The contents of the 
location whose 




REGISTER NUMBER 


- 


BASE ADDRESS 


address is the 
contents of the Base 




DISPLACEMENT 




— »-| OPERAND J 




~~ \^/ 


register, plus the 










displacement in the 
instruction 


*BX 


Base 
Index 












The contents of the 
location whose 




REGISTER NUMBER 




BASE ADDRESS 


">) 


address is the 
contents of the Base 




REGISTER NUMBER 


INDEX 




register, plus the 




vvj 






DISPLACEMENT 






/ 


contents of the Index 






register, plus the 
displacement in the 
instruction 








RA 


Relative 
Address 






-% 




The contents of the 
location whose 








PC ADDRESS 


address is the 




DISPLACEMENT 


*•© — H ° perand I 


contents of the 
Program Counter, plus 
the displacement in 
the instruction 






*RX 


Relative 
Index 










The contents of the 
location whose 








PC ADDRESS 


-&- 


address is the 
contents of the 
Program Counter, plus 




REGISTER NUMBER 




INDEX 


►! OPERAND | 




DISPLACEMENT 






y 


the contents of the 






Index register, plus the 
displacement in the 
instruction 













*R0 and RRO cannot be used for Indirect, Base, or Index registers 

Figure 1 1 . Addressing Modes 
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DATA TYPES 



The CPU supports operations on the following data 
types. 

■ Bit 

■ Bit field — 1 to 32 contiguous bits within a longword 

■ Signed integer — byte, word, longword, and quad- 
word 

■ Unsigned integer— -byte, word, longword, and quad- 
word 



Logical value — byte, word, and longword 

Address — word or longword 

Packed BCD integer— byte 

Stack— word and longword 

String — dynamic length byte, word, and longword 



FLAGS AND CONDITION CODES 

Arithmetic, logical, and many other instructions affect 
the six flag bits (C, Z, S, P/V, D, and H) in the FCW to pro- 
vide information about an operation's result. Generally, 
C indicates carry or borrow from the result, Z indicates 
the result is zero, S indicates whether the result is 



negative or positive, and P/V indicates parity or overflow. 
D and H are used for decimal arithmetic. 

Jump, Test Condition Code, and several other instruc- 
tions test the state of the flags. The conditions that can 
be tested are shown in Table 3. 



3 



Table 3. Flags and Condition Codes 



Code Meaning 



Flag Setting 



Binary 



F 


Always false 


T 


Always true 


Z 


Zero 


NZ 


Not zero 


C 


Carry 


NC 


No carry 


PL 


Plus 


Ml 


Minus 


NE 


Not equal 


EQ 


Equal 


OV 


Overflow 


NOV 


No overflow 


PE 


Parity even 


PO 


Parity odd 


GE 


Greater than or equal 


LT 


Less than 


GT 


Greater than 


LE 


Less than or equal 


UGE 


Unsigned greater than or equal 


ULT 


Unsigned less than 


UGT 


Unsigned greater than 


ULE 


Unsigned less than or equal 



Z= 1 
Z = 
C = 1 
C = 

s = o 

S = 1 

z = o 

Z = 1 
V = 1 

v = o 
p = 1 

P = 

(SXORV) = 
(SXORV) = 1 
(ZOR(SXORV)) = 
(Z OR (S XOR V)) = 1 
C = 
C = 1 

((C = 0)AND(Z = 0)) = 1 
(C OR Z) = 1 



0000 
1000 
0110 
1110 
0111 
1111 
1101 
0101 
1110 
0110 
0100 
1100 
0100 
1100 
1001 
0001 
1010 
0010 

1111 

0111 
1011 
0011 



Some of the condition codes correspond to identical flag settings: i.e., Z-EQ, NZ-NE, C-ULT, NC-UGE, PE-OV, and PO-NOV If no 
condition code is specified, the default condition is T (always true). 
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INSTRUCTION SET SUMMARY 



The CPU provides 1 1 types of instructions: 

■ Load and Exchange 

■ Arithmetic 

■ Logical 

■ Program Control 

■ Bit Manipulation 

■ Bit Field 

■ Rotate and Shift 

■ Block Transfer and String Manipulation 



■ Input/Output 

■ CPU Control 

■ Extended Instructions 

Instructions are encoded in one or more words, located 
in memory at even addresses. The generic instruction 
mnemonic indicates the instruction operates on words; 
addition of a "B" or "L" suffix to the mnemonic in- 
dicates operation on bytes or longwords, respectively. 
For example: CLR operates on words, CLRB on bytes, 
and CLRL on longwords. 



Load and Exchange 


Mnemonic Operands 


Addressing Modes 


Operation 


CLR dst 

CLRB 

CLRL 


dst: R,IR,EAM 


Clear 

dst - 



CVTBW 

CVTBL 

CVTWB 

CVTWL 

CVTLB 

CVTLW 



dst,src 



dst: 


R 


src: 


R,IR,EAM 




or 


dst: 


IR.EAM 


src: 


R 


dst: 


R 


src: 


R,IR,EAM 




or 


dst: 


IR.EAM 


src: 


R 



Convert 

dst «- convert (src) 



CVTUBW 

CVTUBL 

CVTUWB 

CVTUWL 

CVTULB 

CVTULW 



dst,src 



Convert Unsigned 

dst — convert (src) 



EX 

EXB 

EXL 



dst.src 



dst: R 

src: R,IR,EAM 



Exchange 

dst ** src 



LD 

LDB 

LDL 



dst.src 



dst: R 

src: R.IMJR.EAM* 

or 
dst: IR,EAM* 
src: R.IM 



Load 

dst — src 



LDA 


dst.src 


dst: R 


Load Address 






src: EAM* 


dst «- Address (src) 


LDAR 


dst.src 


dst: R 


Load Address Relative 






src: RA 


dst «- Address (src) 


LDK 


dst.n 


dst: R 


Load Constant 


LDKL 




n: IM 


dst — n 
(n = 0..15) 


*Compact mode allows BX with 


no displacement for EAM. 
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Load and Exchange (Continued) 



Mnemonic 



Operands Addressing Modes Operation 



LDM 


dst.src, n 


dst: R 

src: IM.IR.EAM 
n: IM 
or 
dst: IR.EAM 
src: R 
n: IM 


Load Multiple 

dst — src (n words) 




LDML 


mask,src 

or 
dst, mask 


mask: IM 
src: IM.IR.EAM 

or 
dst: IR.EAM 
mask: IM 


Load Multiple Long 

dst (register mask) «- src 

or 
dst «- src (register mask) 


S3 


LDR 

LDRB 

LDRL 


dst,src 


dst: R 
src: RA 

or 
dst: RA 
src: R 


Load Relative 

dst — src 


9 

§ 



POP 
POPL 


dst, src 


dst: R.IR.EAM 
src: IR 


Pop 

dst — src 
Autoincrement src address 


PUSH 
PUSHL 


dst.src 


dst: IR 

src: R.IM.IR.EAM 


Push 

Autodecrement dst address 

dst <— src 


Arithmetic 


Mnemonic 


Operands 


Addressing Modes 


Operation 


ADC 

ADCB 

ADCL 


dst,src 


dst: R 
src: R 


Add with Carry 

dst — dst + src + C 


ADD 

ADDB 

ADDL 


dst.src 


dst: R 

src: R,IM,IR,EAM 


Add 

dst <— dst + src 


CHK 

CHKB 

CHKL 


dst.src 


dst: R 

src: IM.IR.EAM 


Check 

compare dst with src bounds 
if out of bounds then trap 



CP 

CPB 

CPL 



dst.src 



dst: R 

src: R.IM.IR.EAM 

or 
dst: IR.EAM 
src: IM 



Compare 

dst - src 



DAB 



dst 



dst: R 



Decimal Adjust 



DEC 

DECB 

DECL 



dst.n 



dst: R.IR.EAM 
n: IM 



Decrement 

dst — dst - n 
(n = 1..16) 
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Arithmetic (Continued) 



Mnemonic 



Operands 



Addressing Modes Operation 



DECI 
DECIB 



dst,n 



dst: IR,EAM 
n: IM 



Decrement Interlocked 

dst — dst - n 
(n = 1..16) 



DIV 
DIVL 



TESTA 

TESTAB 

TESTAL 



dst, s re 



dst: R 

sre: R.IM.IR.EAM 



Divide 

dst (low) — dst DIVsrc 
dst (high) — dst REM sre 



DIVU 
DIVUL 


dst,src 


dst: R 

sre: R.IM.IR.EAM 


Divide Unsigned 

dst (low) *- dst DIVsrc 
dst (high) — dst REM sre 


EXTS 

EXTSB 

EXTSL 


dst 


dst: R 


Extend Sign 

dst — sign_extend (dst (low)) 


INC 

INCB 

INCL 


dst.n 


dst: R.IR.EAM 
n: IM 


Increment 

dst — dst + n 
(n = 1..16) 


INCI 
INCIB 


dst.n 


dst: IR.EAM 
n: IM 


Increment Interlocked 

dst — dst + n 
(n = 1..16) 


INDEX 
INDEXL 


dst,sub,src 


dst: R 
sub: R 
sre: IM.IR.EAM 


Index 

calculate array index: 
check, scale, and accumulate 


MULT 
MULTL 


dst.src 


dst: R 

sre: R.IM.IR.EAM 


Multiply 

dst <- dst (low) * sre 


MULTU 
MULTUL 


dst.src 


dst: R 

sre: R.IM.IR.EAM 


Multiply Unsigned 

dst — dst (low) * sre 


NEG 

NEGB 

NEGL 


dst 


dst: R.IR.EAM 


Negate 

dst - dst 


SBC 

SBCB 

SBCL 


dst.src 


dst: R 
sre: R 


Subtract with Carry 

dst — dst - sre - C 


SUB 

SUBB 

SUBL 


dst.src 


dst: R 

sre: R.IM.IR.EAM 


Subtract 

dst — dst - sre 



dst 



dst: R.IR.EAM 



Test Arithmetic 

dst - 
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Logical 


Mnemonic 


Operands 


Addressing Modes 


Operation 


AND 

ANDB 

ANDL 


dst.src 


dst: R 

src: R.IM.IR.EAM 


And 

dst — dst AND src 


COM 

COMB 

COML 


dst 


dst: R.IR.EAM 


Complement 

dst - NOT dst 


OR 

ORB 

ORL 


dst.src 


dst: R 

src: R.IM.IR.EAM 


Or 

dst — dst OR src 


TCC 

TCCB 

TCCL 


cc.dst 


dst: R 


Test Condition Code 

if cc then 
dst - dst OR 1 


TEST 

TESTB 

TESTL 


dst 


dst: R.IR.EAM 


Test 

dst OR 


XOR 

XORB 

XORL 


dst.src 


dst: R 

src: R.IM.IR.EAM 


Xor 

dst «- dst XOR src 


Program Control 


Mnemonic 


Operands 


Addressing Modes 


Operation 



BRKPT 



Breakpoint 

(breakpoint trap) 

Push PS onto System Stack 

Push instruction 

PS *- Breakpoint PS 



s 



CALL 



dst 



dst: IR,EAM 



Call 

Autodecrement SP 

@SP - PC 

PC — Address (dst) 



CALR 



dst 



dst: RA 



Call Relative 

Autodecrement SP 

@SP - PC 

PC — Address (dst) 



DJNZ 

DBJNZ 

DLJNZ 



cnt.dst 



cnt: R 
dst: RA 



Decrement and Jump if Not Zero 

cnt «- cnt - 1 
if cnt * then 
PC - Address (dst) 
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Program Control (Continued) 



Mnemonic Operands Addressing Modes Operation 



ENTER 



mask.siz mask: IM 

siz: IM 



Enter Procedure 

Push registers (mask) 

Push FP 

Push mask 

Push (exception handler) 

FP^-SP 

SP *- SP + siz 

update integer overflow mask 



EXIT 



RET 



cc 



Exit Procedure 

SP - FP 

Pop exception handler 

Pop mask 

Pop FP 

Pop registers (mask) 

restore integer overflow mask 



JP 


cc.dst 


dst: IR.EAM 


Jump 

if cc then 
PC — Address (dst) 


JR 


cc.dst 


dst: RA 


Jump Relative 

if cc then 
PC - Address (dst) 



Return 

if cc then 
PC - @SP 
Autoincrement SP 



SC 



src 



src: IM 



System Call 

(system call trap) 

Push PS onto System Stack 

Push instruction 

PS *- System Call PS 



TRAP 



cc.src 



src: IM 



Trap Conditional 

if cc then 
(condition trap) 
Push PS onto System Stack 
Push instruction 
PS +- Conditional Trap PS 
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Bit Manipulation 



Mnemonic 



Operands Addressing Modes Operation 



BIT 

BITB 

BITL 



dst.src 



dst: R.IR.EAM 
src: IM 
or 
dst: R 
src: R 



Test Bit 

Z - NOT dst (src) 



RES 

RESB 

RESL 



dst,src 



dst: R.IR.EAM 
src: IM 
or 
dst: R 
src: R 



Reset Bit 

dst (src) *- 



SET 

SETB 

SETL 



dst.src 



dst: R.IR.EAM 
src: IM 
or 
dst: R 
src: R 



Set Bit 

dst (src) «- 1 



TSET dst 
TSETB 


dst: R.IR.EAM 


Test and Set 

S - dst (MSB) 
dst - -1 


Rotate and Shift 


Mnemonic Operands 


Addressing Modes 


Operation 



RL 

RLB 

RLL 



dst.n 



dst: R 
n: IM 



Rotate Left 

dst «- dst rotate left n bits 
(n = 1 or 2) 



SDA 

SDAB 

SDAL 



dst.src 



dst: R 
src: R 



Shift Dynamic Arithmetic 

dst — dst arithmetic shift src bits 



8 



•a 



RLC 

RLCB 

RLCL 


dst,n 


dst: R 
n: IM 


Rotate Left through Carry 

dst,C — dst.C rotate left n bits 
(n = 1 or 2) 


RLDB 


link.dst 


link: R 
dst: R 


Rotate Left Digit 

dst,link(0:3) - dst.link (0:3) 
rotate left 1 digit 


RR 

RRB 

RRL 


dst.n 


dst: R 
n: IM 


Rotate Right 

dst — dst rotate right n bits 
(n = 1 or 2) 


RRC 

RRCB 

RRCL 


dst,n 


dst: R 
n: IM 


Rotate Right through Carry 

dst.C *- dst.C rotate right n bits 
(n = 1 or 2) 


RRDB 


link.dst 


link: R 
dst: R 


Rotate Right Digit 

dst,link(0:3) - dst.link (0:3) 
rotate right 1 digit 
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Rotate and Shift (Continued) 


Mnemonic 


Operands 


Addressing Modes 


Operation 


SDL 

SDLB 

SDLL 


dst.src 


dst: R 
src: R 


Shift Dynamic Logical 

dst — dst logical shift src bits 


SLA 

SLAB 

SLAL 


dst,n 


dst: R 
n: IM 


Shift Left Arithmetic 

dst — dst arithmetic shift left n bits 


SLL 

SLLB 

SLLL 


dst,n 


dst: R 
n: IM 


Shift Left Logical 

dst — dst logical shift left n bits 


SRA 

SRAB 

SRAL 


dst,n 


dst: R 
n: IM 


Shift Right Arithmetic 

dst «— dst arithmetic shift right n bits 


SRL 

SRLB 

SRLL 


dst.n 


dst: R 
n: IM 


Shift Right Logical 

dst «- dst logical shift right n bits 


Block Transfer and String Manipulation 


Mnemonic 


Operands 


Addressing Modes 


Operation 



CPD 

CPDB 

CPDL 



dst,src, 
cnt.cc 



dst: R 
src: IR 
cnt: R 



Compare and Decrement 

dst - src 

Autodecrement src address 

cnt — cnt - 1 



CPDR 

CPDRB 

CPDRL 



dst.src, 
cnt.cc 



dst: R 
src: IR 
cnt: R 



Compare, Decrement, and Repeat 

Repeat 

dst — src 

Autodecrement src address 

cnt — cnt - 1 
Until cc is true or cnt = 



CPI 


dst.src, 


dst: R 


CPIB 


cnt.cc 


src: IR 


CPIL 




cnt: R 



Compare and Increment 

dst - src 

Autoincrement src address 

cnt *- cnt - 1 



496 



Block Transfer and String Manipulation (Continued) 



Mnemonic 



Operands 



Addressing Modes Operation 



CPIR 


dst.src, 


dst: R 


CPIRB 
CPIRL 


cnt.cc 


src: IR 
cnt: R 



Compare, Increment, and Repeat 

Repeat 

dst - src 

Autoincrement src address 

cnt ^ cnt - 1 
Unit cc is true or cnt = 



CPSD 

CPSDB 

CPSDL 



dst.src, 
cnt,cc 



dst: IR 
src: IR 
cnt: R 



Compare String and Decrement 

dst - src 

Autodecrement dst and src addresses 

cnt ^ cnt - 1 



i 



CPSDR 

CPSDRB 

CPSDRL 



dst.src, 
cnt.cc 



dst: IR 
src: IR 
cnt: R 



Compare String, Decrement, Repeat 

Repeat 

dst - src 

Autodecrement dst and src addresses 

cnt «- cnt - 1 
Until cc is true or cnt = 



CPSI 

CPSIB 

CPSIL 



dst.src, 
cnt.cc 



dst: IR 
src: SR 
cnt: R 



Compare String and Increment 

dst - src 

Autoincrement dst and src addresses 

cnt *- cnt - 1 



CPSIR 

CPSIRS 

CPSIRL 



dst.src, 
cnt.cc 



dst: IR 
src: IR 
cnt: R 



Compare String, Increment, Repeat 

Repeat 

dst - src 

Autoincrement dst and src addresses 

cnt — cnt - 1 
Until cc is true or cnt = 



LDD 

LDDB 

LDDL 



dst.src.cnt 


dst: IR 
src: IR 
cnt: R 


dst.src.cnt 


dst: IR 
src: IR 
cnt: R 



Load and Decrement 

dst — src 

Autodecrement dst and src addresses 

cnt <— cnt - 1 



LDDR 

LDDRB 

LDDRL 



Load, Decrement, and Repeat 

Repeat 

dst «~ src 

Autodecrement dst and src addresses 
cnt «- cnt - 1 
Unitl cnt = 



LDI 


dst.src.cnt 


dst: IR 


LDIB 




src: IR 


LDIL 




cnt: R 



Load and Increment 

dst <- src 

Autoincrement dst and src addresses 

cnt *- cnt - 1 
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Block Transfer and String Manipulation (Continued) 



Mnemonic Operands Addressing Modes Operation 



LDIR 


dst.src.cnt 


dst: IR 


LDIRB 




src: IR 


LDIRL 




cnt: R 



Load, Increment, and Repeat 

Repeat 

dst *- src 

Autoincrement dst and src addresses 

cnt — cnt - 1 
Until cnt = 



TRDB 



dst.src.cnt 


dst: IR 
src: IR 
cnt: R 


dst,src,cnt 


dst: IR 
src: IR 
cnt: R 



Translate and Decrement 

dst — src [dst] 
Autodecrement dst address 

cnt *- cnt - 1 



TRDRB 



Translate, Decrement, and Repeat 

Repeat 

dst *- src [dst] 

Autodecrement dst address 

cnt — cnt - 1 
Until cnt = 



TRIB 



dst.src.cnt 


dst: IR 
src: IR 
cnt: R 


dst,src,cnt 


dst: IR 
src: IR 
cnt: R 



Translate and Increment 

dst — src [dst] 
Autoincrement dst address 
cnt — cnt - 1 



TRIRB 



Translate, Increment, and Repeat 

Repeat 

dst — src [dst] 

Autoincrement dst address 

cnt — cnt - 1 
Until cnt = 



TRTDB 



src1,src2, 
cnt 


srd: IR 
src2: IR 
cnt: R 


src1,src2, 
cnt 


srd: IR 
src2: IR 
cnt: R 



Translate, Test, and Decrement 

RH1 - src2[srd] 
Autodecrement srd address 
cnt — cnt - 1 



TRTDRB 



Translate, Test, Decrement, Repeat 

Repeat 

RH1 - src2[srd] 

Autodecrement srd address 

cnt — cnt - 1 
Until RH1*0orcnt = 



TRTIB 



src1,src2, 
cnt 



srd: IR 
src2: IR 
cnt: R 



Translate, Test, and Increment 

RH1 - src2[srd] 
Autoincrement srd address 
cnt «- cnt - 1 
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Block Transfer and String Manipulation (Continued) 



Mnemonic 



Operands Addressing Modes Operation 



TRTIRB 



IND* 

INDB* 

INDL* 



srd,src2, 
cnt 



srd: IR 
src2: IR 
cnt: R 



Translate, Test, Increment, Repeat 

Repeat 

RH1 - src2[srd] 

Autoincrement srd address 

cnt — cnt - 1 
Until RH1*0orcnt = 



Input/Output 


Mnemonic 


Operands 


Addressing Modes 


Operation 


IN* 

INB* 

INL* 


dst.src 


dst: R 
src: IR.DA 


Input 

dst — src 



dst,src,cnt 



dst: IR 
src: IR 
cnt: R 



Input and Decrement 

dst — src 

Autodecrement dst address 
cnt — cnt - 1 



M 

8 



2 



INDR* 

INDRB* 

INDRL* 



dstsrc.cnt 



dst: IR 
src: IR 
cnt: R 



Input, Decrement, and Repeat 

Repeat 
dst — src 
Autodecrement dst address 

cnt «- cnt - 1 
Until cnt = 



INI* 

1MB* 

INIL* 



dst.src.cnt 



dst: IR 
src: IR 
cnt: R 



Input and Increment 

dst — src 

Autoincrement dst address 
cnt — cnt - 1 



INIR* 

INIRB* 

INIRL* 



dst.src.cnt 



dst: IR 
src: IR 
cnt: R 



Input, Increment, and Repeat 

Repeat 

dst — src 

Autoincrement dst address 

cnt — cnt - 1 
Until cnt = 



OTDR* 


dst,src,cnt 


dst: IR 


OTDRB* 




src: IR 


OTDRL* 




cnt: R 



Output, Decrement, and Repeat 

Repeat 

dst — src 

Autodecrement src address 

cnt — cnt - 1 
Until cnt = 



OTIR* 


dst.src.cnt 


dst: IR 


OTIRB* 




src: IR 


OTIRL* 




cnt: R 



Output, Increment, and Repeat 

Repeat 

dst <— src 

Autoincrement src address 

cnt «— cnt - 1 
Until cnt = 



•Privileged instruction 
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Input/Output (Continued) 


Mnemonic Operands 


Addressing Modes 


Operation 


OUT* dst.src 

OUTB* 

OUTL* 


dst: IR.DA 
src: R 


Output 

dst — src 



OUTD* 

OUTDB* 

OUTDL* 



dst.src.cnt 



dst: IR 
src: IR 
cnt: R 



Output and Decrement 

dst *- src 

Autodecrement src address 
cnt — cnt - 1 



OUTI* 

OUTIB* 

OUTIL* 



LDCTL* 



dst.src.cnt 



dst: IR 
src: IR 
cnt: R 



Output and Increment 

dst «- src 

Autoincrement src address 
cnt — cnt - 1 



CPU Control 


Mnemonic 


Operands 


Addressing Modes 


Operation 


COMFLG 


flags 


flags: IM 


Complement Flag 


Dl* 


ints 


ints: IM 


Disable Interrupt 


El* 


ints 


ints: IM 


Enable Interrupt 


HALT* 






Halt 


IRET* 






Interrupt Return 

PS - @SP 
Autoincrement SP 



dst.src 



dst: CTLR 
src: R 
or 
dst: R 
src: CTLR 



Load Control Register 

dst — src 



LDCTLB 



dst.src 



dst: FLGR 
src: R 
or 
dst: R 
src: FLGR 



Load Flag Byte Register 

dst «- src 



LDCTLL* 



dst.src 



dst: CTLRL 
src: R 
or 
dst: R 
src: CTLRL 



Load Control Register Long 

dst — src 



LDND* 

LDNDB* 

LDNDL* 



dst.src 



dst: R 
src: IR.EAM 

or 
dst: IR.EAM 
src: R 



Load Normal Data Address Space 

dst «- src 



* Privileged instruction 
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CPU Control (Continued) 



Mnemonic 



Operands 



Addressing Modes Operation 



LDNI* 

LDNIB* 

LDNIL* 



dst.src 



dst: R 

src: IR.EAM 

or 
dst: IR.EAM 
src: R 



Load Normal Instruction Address 
Space 

dst — src 



LDPS* 



src 



src: IR.EAM 



Load Program Status 

PS — src 



LDPND* 
LDPNI* 
LDPSD* 
LDPSI* 



PTLBEND* 
PTLBENI 
PTLBESD* 
PTLBESI* 



EXTR 



dst,src 



dst: R 

src: IR.EAM 



Load Physical Address 

dst — Physical_Address (src) 



NOP 


No Operation 


PCACHE* 


Purge Cache 


PTLB* 


Purge TLB 



src 



src: IR.EAM 



Purge TLB Entry 



PTLBN* 






Purge TLB Normal 


RESFLQ 


flag 


flag: IM 


Reset Flag 


SETFLG 


flag 


flag: IM 


Set Flag 


Bit Field 


Mnemonic 


Operands 


Addressing Modes 


Operation 



dst.src, 
pos,siz 



dst: R 

src: R,IR,EAM 
pos: IM.R 
siz: IM.R 



Extract Field 

dst — src (pos, siz) 



EXTRU 



dst.src, 
pos.siz 



dst: R 

src: R.IR.EAM 
pos: IM,R 
siz: IM,R 



Extract Unsigned Field 

dst — src (pos.siz) 



INSRT 



dst.src, 
pos.siz 



dst: R, IR.EAM 
src: R 
pos: IM,R 
siz: IM.R 



Insert Field 

dst (pos, siz) *- src 



* Privileged instruction. 
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EXTENDED INSTRUCTIONS 

The Z80.000 CPU supports extended instructions 
through the Zilog Extended Processing Architecture 
(EPA). The EPA facility allows the operations defined in 
the Z80.000 architecture to be extended by software or 
hardware. In particular, floating-point operations are 
supported by the Z8070 Arithmetic Processing Unit 
(APU) or by a software package that emulates the APU. 

Up to four Extended Processing Units (EPUs) can be in- 
cluded in a Z80.000 CPU system. The CPU and EPU 
cooperate in execution of EPA instructions. When the 
CPU encounters an EPA instruction, the instruction is 
transmitted across the external bus to the appropriate 
EPU. The CPU then performs transactions on the exter- 
nal bus to transfer data between the EPU and memory or 
the EPU and CPU. Transfers between the EPU and CPU 
can involve the CPU general-purpose registers or FCW 
flag byte. EPU internal operations do not require any 
data transfers. After the data transfers for the EPU in- 
struction are completed, the CPU can continue process- 
ing while the EPU performs the operation. While the EPU 
is processing an instruction, it can drive the EPUBSY 
signal to stop the CPU. 



The data processing operations performed by the EPU 
are transparent to the CPU. The EPU can execute 
floating point operations, decimal arithmetic, specialized 
operating system functions, signal processing opera- 
tions, or any other that the system designer chooses. For 
this reason, no mnemonic is listed for the extended in- 
structions, as the mnemonic will depend on the type of 
EPU. EPUs designed to speed execution of special pur- 
pose operations can provide significant performance im- 
provements. The operation of the EPU can be over- 
lapped with operation of the CPU and other EPUs. 

The EPA bit in the Flag and Control Word register in- 
dicates whether an EPU is present. If no EPU is present, 
the CPU traps EPA instructions for software simulation. 
Thus, the EPA facility can be used even with no external 
support circuitry. This allows software compatibility be- 
tween systems, whether or not an EPU is present. The 
system designer can choose to include an EPU in high- 
performance systems but not in low-cost systems, and 
software can be developed using the EPA instructions 
before an EPU is available. 



Extended Instructions 


Operation 


Operands 


Addressing Modes 


Load EPU from memory 
dst — src 
(n bytes or words) 


dst, src, n 


dst: EPU 

src: IM,IR,EAM 

n: IM 


Load memory from EPU 
dst — src 
(n bytes or words) 


dst, src, n 


dst: IR.EAM 
src: EPU 
n: IM 


Load EPU from CPU 
dst «- src 
(n words or longwords) 


dst, src, n 


dst: EPU 
src: R 
n: IM 


Load CPU from EPU 
dst «- src 
(n words or longwords) 


dst, src, n 


dst: R 
src: EPU 
n: IM 


Load EPU from Flags 
dst — src 


dst, src 


dst: EPU 
src: Flags 


Load Flags from EPU 

dst «— src 


dst, src 


dst: Flags 
src: EPU 


EPU Internal Operation 
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CACHE 



The CPU implements a cache mechanism to keep on-chip 
copies of the most recently referenced memory locations 
(Figure 12). The CPU examines the cache on memory 
fetches to determine if the addressed data are located in the 
cache. If the information is in the cache (a hit), then the CPU 
fetches from the cache, and no transaction is necessary on 
the external interface. If the information is not in the cache (a 
miss), then the CPU performs a memory read transaction to 
fetch the missing information. 

The cache stores data in blocks of 1 6 bytes. Each data word 
in the cache has an associated validity bit to indicate 
whether or not the word is a valid copy of the corresponding 
main memory location. The cache contains 16 blocks, pro- 
viding 256 bytes of storage. 

The cache is fully associative, so that a block currently 
needed and missing in the cache can replace any block in 
the cache. Moreover, when a block miss occurs, the least 



ADDRESS TAG 

ASSOCIATIVE 

MEMORY 

(16x28) 




CACHE DATA 
MEMORY 
(16x128) 



VALIDITY 
BITS 
(16x8) 



LRU 
STACK 
(16x4) 



WORD 
HIT 



recently used (LRU) block in the cache is replaced. When a 
cache miss occurs on an instruction fetch, the CPU fetches 
the missing instruction from memory and prefetches the fol- 
lowing words in the block using a burst transaction. When a 
cache miss occurs on an operand fetch, the CPU fetches 
the missing data from memory. (The CPU uses burst trans- 
actions only for fetching operands when more than one data 
transfer is necessary: longword operands on a 16-bit bus, 
unaligned operands, string instructions, Load Multiple in- 
structions, and loading Program Status.) 

On store references, the data is written to memory (store 
through), and if the reference hits in the cache, the data is 
also written to the cache. If the store reference misses in the 
cache, the cache is unaffected. 

Software has some control over the cache. The cache can 
be selectively enabled for instruction and data references by 
bits CI and CD in the SCCL control register. The memory 
management mechanism allows cacheing to be inhibited 
for individual pages. The Pcache instruction can be used to 
invalidate all information in the cache. 

The cache has an option, controlled by bit CR in SCCL, to 
inhibit block replacement on a miss. This option can be 
used to lock fixed locations into the cache for fast, onchip 
access. To do this, the cache is first enabled for block re- 
placement of data references only. Selected blocks are read 
into the cache. The block replacement algorithm is then dis- 
abled, while the cache is enabled for instruction and data 
references. 






Figure 12. Cache Organization 



PIN DESCRIPTIONS 



The CPU has 59 signal lines. Pin functions are shown in 
Figure 13. 

AD -AD 31 . Address/Data (Bidirectional, active High, 
3-state). These 32 lines are time-multiplexed to transfer 
address and data. At the beginning of each transaction 
the lines are driven with the 32-bit address. After the ad- 
dress has been driven, the lines are used to transfer one 
or more bytes, words, or longwords of data. 

AS. Address Strobe (Output, active Low, 3-state). The ris- 
ing edge of AS indicates the beginning erf a transaction 
and sho ws that the address, ST -ST 3) R/W, BL/W, BW/L, 
N/S, and BRST are valid. 



BUSREQ. Bus Request (Input, active Low). A Low on this 
line indicates that a bus requestor has obtained or is try- 
ing to obtain control of the local bus. 



BUSACK. Bus Acknowledge (Output, active Low). A Low 
on this line indicates that the CPU has relinquished con- 
trol of the local bus in response to a bus request. 



BRST. Burst (Output, active Low, 3-state). A Low on this 
line indicates that the CPU is performing a burst transfer; 
i.e, multiple Data Strobes following a single Address 
Strobe. 



BRSTA. Burst Acknowledge (Input, active Low). A Low 
on this line indicates that the responding device can sup- 
port burst transfers. 
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BL/W; BW/L. Byte, Longword/Word; Byte, Word/ 
Longword (Output, 3-state). These two lines specify the 
data transfer size. 

BL/W BW/L Size 

High High Byte 

Low High Word 

High Low Longword 

Low Low Reserved 

CLK. Clock (Input). This is the clock used to generate all 
CPU timing. 

DS. Data Strobe (Output, active Low, 3-state). DS is used for 
timing data transfers. 



EPUABORT. EPU Abort (Output, active Low). A Low on this 
line indicates that the CPU is aborting execution of an EPA 
instruction, typically because an Address Translation trap 
has occurred. 



EPUBSY. EPU Busy (Input, active Low). A Low on this line 
indicates that an EPU is busy. This line is used to synchro- 
nize the operation of the CPU with an EPU during execution 
of an EPA instruction. 



GREQ. Global Request (Output, active Low, 3-state). A Low 
on this line indicates the CPU has obtained or is trying to ob- 
tain control of a global bus. 



GACK. Global Acknowledge (Input, active Low). A Low on 
this line indicates the CPU has been granted control of a 
global bus. 

IE. Input Enable (Output, active Low, 3-state). A Low on this 
line can be used to enable buffers on the AD lines to drive 
toward the CPU. 



NMI. Non-Maskable Interrupt (Input, Edge activated). A 
High-to-Low transition on this line requests a nonmaskable 
interrupt. 

NVI. Non-Vectored Interrupt (Input, active Low). A Low on 
this line requests a non-vectored interrupt. 

N/S. Normal/System Mode (Output, Low = System Mode, 
3-state). This line indicates whether the CPU is in normal or 
system mode. 

OE. Output Enable (Output, active Low, 3-state). A Low on 
this line can be used to enable buffers on the AD lines to 
drive away from the CPU. 

R/W. Read/Write (Output, Low = Write, 3-state). This signal 
indicates the direction of data transfer. 

RESET, Reset (Input, active Low). A Low on this line resets 
the CPU. 

RSPo-RSP-i. Response (Input). These lines encode the re- 
sponse to transactions initiated by the CPU. Note that RSPp 
and RSPi can be connected together for Z-BUS WAIT 
timing. 

RSP RSPi Response 

High High Ready 

Low High Bus Error 

High Low Bus Retry 

Low Low Wait 

ST0-ST3. Status (Output, active High, 3-state). These lines 
specify the kind of transaction occurring on the bus. (See 
Table 4.) 

VI. Vectored Interrupt (Input, active Low). A Low on this line 
requests a vectored interrupt. 



INTERRUPT 
REQUESTS 



EXTENDED 

PROCESSOR 

CONTROL 

LOCAL BUS 
CONTROL 



GLOBAL BUS 
CONTROL 



NMI 

VI 

NVI 



Z80.000 
CPU 



GREQ 
GACK 



R/W 

BL/W 

BW/L 

STATUS 

N/S 

RESPONSE 

OE 
IE 



ADDRESS/DATA 
BUS 



. BUS STATUS 
( AND TIMING 



BUFFER 
CONTROL 



BURST TRANSFER 
CONTROL 



12 -f2 j 

+ 5V GND CLOCK 

Figure 13. Pin Functions 
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MULTIPROCESSOR CONFIGURATIONS 



The CPU provides support for interconnection in four types 
of multiprocessor configurations (Figure 14): coprocessor, 
slave processor, tightly-coupled multiple CPUs, and loosely- 
coupled multiple CPUs. 

Coprocessors, such as the Z8070 Arithmetic Processing 
Unit, work synchronously with the CPU to execute a single 
instruction strea m using t he E xtended Proc essing Architec- 
ture facility. The EPUBSY and EPUABORT signals are dedi- 
cated for connection with coprocessors. 

Slave processors, such as the Z801 6 DMA Transfer Control- 
ler, perform dedicated functions asynchronously to the 
CPU. The CPU and slave processor share a local bus, of 
which the C PU is the default master, using the CPU's 
BUSREQ and BUSACK lines. 



Tightly-coupled, multiple CPUs execute independent in- 
struction streams and generally communicate through 
shared m emory loca ted on a common (global) bus using 
the CPU's GREQ and GACK lines. Each CPU is default mas- 
ter of its local bus, but the global bus master is chosen by an 
external arbiter. The CPU also provides status information 
about interlocked memory references (for Test and Set, In- 
crement Interlocked, and Decrement Interlocked instruc- 
tions), which can be used with multiported memories. 

Loosely-coupled, multiple CPUs generally communicate 
through a multiple-ported peripheral, such as the Z8038 
FIO. The Z80.000 CPU's I/O and interrupt facilities can sup- 
port loosely-coupled multiprocessing. 
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Figure 14. Multiprocessor Configurations 



HARDWARE INTERFACE CONTROL 
REGISTER 



The Hardware Interface Control register (HICR) specifies 
certain characteristics of the hardware configuration 
surrounding the CPU, including bus speed, memory data 
path width, and number of automatic wait states. The 
physical memory address space is divided into two sec- 
tions, Mo and M-i, selected by bit 30 of the address. A 
typical system would locate slow, 16-bit wide bootstrap 
ROM in Mq and faster 32-bit wide dynamic RAM in M-|. 
The physical I/O address space is similarly divided into 
two sections, l/Oo and l/Oi , selected by bit 30 of the ad- 
dress. 

Fields in HICR specify the following interface 
characteristics (see Figure 3): 



Bus speed (S)— The bus clock frequency is either 1/2 or 
1/4 the clock frequency. 

Memory data path (Mq.DP, M^. DP)— The data path width 
for Mo and Mi are each specified as 16 or 32 bits. 

Automatic wait states (M .W, M^W, l/O .W, l/O^W, 
IACK.W1, IACK.W2)— The number of Wait states 
automatically inserted by the CPU for references to Mq, 
M-i, l/Oo, l/O-i, and interrupt acknowledge, are separately 
specified. 

Global bus protocol control (LAD, GE)— The CPU can ac- 
cess a global bus (a bus shared with other CPUs). On 
references to the global bus, the CPU must use a re- 
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quest/acknowledge handshake with an external arbiter. 
The GE field enables the use of the global bus; the LAD 
field selects the portion of the address space used for 
references to the global bus. 

Minimum Address Strobe rate (MASR)— This optional 
feature ensures that an Address Strobe will be 
generated at least once every 16 bus clock cycles. This 



is useful for refreshing pseudostatic RAMS. 

EPU overlap (EPUO)— This bit, along with another bit in 
an EPU control register, controls the degree of overlap 
for CPU and EPU operations. The degree of overlap can 
be limited to simplify debugging and recovery from ex- 
ceptions, although to do so reduces overall execution 
speed. 



CPU TIMING 

The CPU performs transactions on the external interface to 
transfer data for fetching instructions, fetching and storing 
operands, processing exceptions, and performing memory 
management. In addition, the CPU performs internal opera- 
tion and halt transactions, which do not transfer data. Each 
transaction occurs during a sequence of bus clock cycles, 
named Ti , T2, etc. 

The CPU has a single clock line, CLK, used to generate all 
timing. Internally, the CPU derives another clock for bus tim- 
ing by dividing CLK by 2 or 4. The scale factor for bus timing 
(2 or 4) is selected at reset. In the AC timing characteristics 
for the CPU (available in a separate data sheet from Zilog), 



input setup and hold times and output delays are specified 
with respect to a rising edge of CLK. When CPU output tran- 
sitions occur on different clock edges, the time between the 
transitions is specified in terms of a constant delay and a var- 
iable number of CLK cycles. The number of CLK cycles de- 
pends on the bus timing scale factor, type of transaction, 
and number of wait states. 

In the logical timing diagrams that follow, the signal transi- 
tions on the bus are shown in relation to the bus clock, 
BCLK. The beginning of a transaction, signified by a falling 
edge of AS, always occurs on a rising edge of BCLK. The 
BCLK signal is derived internally to the CPU as described 
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Figure 15. Memory Read Timing for Different Bus Scale Factors 
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above, but is not available on the pins. BCLK can also be 
derived externally to the CPU by dividing CLK by the se- 
lected bus timing scale factor. (The Reset section discusses 
synchronization of the internal and external bus clocks.) The 
timing diagrams in Figure 15 show example memory read 
transactions using the different scale factors. 



In the description of bus transactions that follow, the term 
"asserted" means an active signal and "negated" means an 
inactive signal. A signal is either active when High or when 
Low, as specified in the pin functions. 



BUS TRANSACTIONS 

All bus transactions begin with Address Strobe__(AS) 
asserted and then negated. On the rising edge_of AS the 
lines for status _(ST 0l ST3), Read/Write (R/W),_data 
transfer size (BW/L, BL/W), and Normal/System (N/S) are 
valid. The status lines indicatejhe type of transaction be- 
ing initiated (Table 4). The R/W line indicates the direc- 
tion of data transfer. The data transfer size indicates 
whether a byte, word, or longword of data is being 
transferred. The N/S line indicates the CPU's operating 
mode. The following sections describe timing for the dif- 
ferent transactions. 

Table 4. Status Codes 



ST 3 -ST 



Definition 



internal operation 

1 CPU-EPU (data) 

10 I/O 

11 halt 

10 CPU-EPU (instruction) 

10 1 NMJ acknowledge 

110 NVl acknowledge 

111 VI acknowledge 

10 cacheable CPU-memory (data) 

10 1 non-cacheable CPU-memory (data) 

10 10 cacheable EPU-memory 

10 11 non-cacheable EPU-memory 

110 cacheable CPU-memory (instruction) 

110 1 non-cacheable CPU-memory (instruction) 

1110 reserved 

1111 interlocked CPU-memory (data) 



On the rising edge of AS, the address on the AD lines is 
also valid. Addresses are not required and therefore are 
undefined for internal operation, halt, interrupt 
acknowledge, and CPU-EPU data transactions. 

The CPU uses Data Strobe (DS) to time the data transfer, 
(internal operation and halt transactions do not transfer 



data, and thus do not assert DSj For write operations 
(R/W = Low) the CPU asserts DS when valid data is on 
the AD lines. For read operations (R/W = High) the CPU 
makes the AD lines 3-state before asserting DS, so the 
addressed device can put its data on the bus. The CPU 
samples the data in the middle of a bus cycle, while 
negating DS. 

The AD lines can be used to transfer bytes, words, or 
longwords. For read transactions, the three cases are 
handled as follows: 

■ Byte transfers use AD -AD 7 ; AD8-AD 31 are ignored 
(used only by I/O). 

■ Word transfers use AD0-AD15; AD-16-AD31 are ignored. 

■ Longword transfers use AD -AD 3 -| . 

For write transactions, the three cases are handled as 
follows: 

■ Byte transfers replicate the data on AD0-AD7, AD8-AD15, 
AD 16 -AD 2 3, and AD 2 4-AD 31 . 

■ Word transfers replicate the data on AD -AD-| 5 and 
AD 16 -AD 31 . 

■ Longword transfers use AD -AD 31 . 

The Input Enable (IE) and Output Enable (OE) signals £an 
be used to enable buffers on the bidirectional AD lines. IE is 
asserted when the buffers drive toward the CPU; OE is as- 
serted when the buffers drive away from the CPU_Wheneyer 
the direction for the AD lines changes, neither IE nor 0E is 
asserted for at least one CLK cycle. 

To transfer more than one data item, the CPU can perform 
burst transactions. The data items are transferred in the 
same direction, and are equal in size. Dat a Strob e is used to 
time each transfer. The CPU asserts Burst (BRST) to indicate 
a burst tran sfer. Th e responding device asserts Burst Ac- 
knowl edge (B RSTA) if it is capable of supporting burst trans- 
fers. If BRSTA is not asserted, the CPU transfers only a single 
data item. 
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RESPONSE 



Any time data is transferred, the responding device 
returns a code on the Response lines (RSP0-RSP1) to in- 
dicate ready, wait, bus error, or bus retry. The response 
is sampled at a time specific to each type of transaction, 
generally before the AD lines are sampled or DS is 
negated. 

Ready indicates the completion of a successful transfer. 

Wait indicates that the responding device needs more 
time to complete the transaction. The CPU waits one bus 
cycle before sampling the response again to accom- 
modate slow memory or peripherals. 
Bus error indicates that a fatal error has occurred during 
the transaction; for example, bus timeout for a nonexis- 
tent device. Bus error is treated as an exception by the 
CPU. 



Bus retry indicates that the transaction should be tried 
again; for example, a transient parity error is detected. 
The CPU tries the transaction again. 

The CPU can insert wait states automatically under con- 
trol of several fields in the Hardware Interface Control 
Register. If an automatic wait state is programmed for a 
bus cycle, the CPU ignores the response and wait is 
assumed. Thus, wait states can be inserted automat- 
ically by the CPU or upon request of the responding 
device. 

It must be emphasized that the RSP0-RSP1 lines are syn- 
chronous. Thus, they must meet the specified setup and 
hold times f or cor rect operation. A simple system using 
only Z-BUS WAIT can be implemented by connecting 
WAITtoRSPoandRSP^ 



CPU-MEMORY TRANSACTIONS 

The CPU uses status 1 000, 1 001 , 1 1 00, 1 1 01 , or 1 1 1 1 to 
read from and write to memory. The transactions involve 
a single data transfer or multiple, burst data transfers. 

Single Memory Read 

Figure 16 shows timing for a single memory read transac- 
tion with no wait states. AS is asserted during the first half of 
T-i . The rising edge of AS indicates that the address on AD 
and control signals ST -ST 3 , R/W, BW/L, BL/W, and N/S are 
valid. The co ntrol s ignals remain valid for the duration of the 
transaction. BRST is negated during the transaction be- 
cause only a single data item is being transferred. At the be- 
ginning of T2 the CPU stops driving the address, asserts DS, 
and prepares to receive data from memory. In the middle of 
T2 RSPq-RSPi are sampled ready, the input data is latched, 
and DS is negated. The signal OE is asserted_ during T-i; 
howeve^for this two-cycle read transaction, IE is not as- 
serted. IE is unasserted because there is no bus clock transi- 
tion between the negation of OE at the end of T1 and the 
sampling of data in the middle of T2. The two-cycle read 
transaction is a compatible extension of the Z-BUS three- 
cycle read transaction. Two-cycle read transactions are in- 
tended for use with fast memories connected directly to the 
CPU pins without buffers, such as an external cache. 

For memory read transactions, the data transfer size is 
equal to the data path width specified in HICR. The 
memory should transfer the aligned longword addressed 
by AD2-AD31 (ignoring AD0-AD1) for a 32-bit data path 
or the aligned word addressed by AD1-AD3! (ignoring 
AD ) for a 16-bit data path. The CPU selects the required 
bytes from the transferred word or longword. 

The timing for a single memory read transaction with one 
wait state is shown in Figure 17. This is not a true wait 
state because IE is asserted in the middle of T2 and con- 
tinues until the middle of T3. For memory read trans- 
actions longer than two bus cycles, either because of 
wait states or burst transfers, IE is asserted from the 
middle of T2 until the end of data transfer. The signals OE 



and IE can be used to control buffers on the AD lines. 

The CPU can insert wait states in the middle of T2 if 
RSP0-RSP1 are sampled wait or if automatic wait states 
are programmed in the appropriate field of HICR. The 
duration of a wait state is one BCLK cycle. 
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Single Memory Write 

A single memory write transaction (Figure 18) begins 
with AS to indicate that address and control signals are 
valid. At the beginning of T2, the CPU stops driving the 
address and starts driving the data. In the middle of T2, 
PS is asserted. The CPU negates DS in the middle of T3. 
OE is asserted beginning at T1 and continues for the 
duration of the transaction. The CPU samples 
RSPo-RSPi in the middle of T 3 . 

For memory write transactions, the data transfer size is 
less than or equal to the data path width specified in 
HICR. Bytes and words can be written to a 16-bit 
memory; bytes, words, and longwords can be written to 
a 32-bit memory. The CPU writes bytes to any address, 
but words and longwords are always written to an 
aligned address (i.e., words are always written to an 
even address and longwords are always written to an ad- 



dress that is a multiple of four). When a program writes a 
word or longword to an unaligned address, the CPU per- 
forms two or more write transactions to aligned ad- 
dresses. For example, if the program writes a word to an 
odd address, the CPU first writes the more significant 
byte to the odd address, then it writes the less significant 
byte to the successive even address. 

Single memory read and write timing differ slightly from 
Z-BUS specifications. The minimum read transaction is 
two bus cycles, and the slave response is sampled at the 
end of the data transfer. For the Z-BUS, the minimum 
read transaction is three cycles, and the slave response 
is sampled one cycle before the end of the data transfer. 
For strict Z-BUS compatibility, it is possible to program 
one automatic Wait state for memory read and to delay 
the slave response with an external flipflop. 



_r 



oc 



x 



3C 



Y 



a r 



CA. 



ST0-ST3 

BW/L, BUW 
HIS 



zx 



XI 



BRST 



BRSTA 

*RSPq-RSPi sampled. 



Figure 18. Single Memory Write Timing 



510 



2071-016 



Burst Memory Transactions 

Burst memory transactions use multiple Data Strobes 
following a single Address Strobe to transfer data at con- 
secutiv e memory addresses. The signals BRST and 
BRSTA control the burst transaction. The CPU uses 
burst transactions to prefetch a cache block on an in- 
struction fetch cache miss. The CPU also uses burst 
transactions to fetch or store operands when more than 
one transfer is necessary, as with unaligned operands, 
string instructions, Load Multiple instructions, and 
loading of program status. 

If the memory does not support burst transfers, th e burst 
transfer protocol described below (Figure 19) allows BRSTA 
to be tied High. The CPU then separates the burst transac- 
tion into a sequence of single transfers. 

At the beginning of a burst transaction, the CPU asserts 
BRST along with ot her co ntrol signals. When the CPU 
continues to assert BRST at the falling edge of DS, this 
indicates to memory that the CPU can support another 
data transfer follow ing the one in process. When the 
CPU negates BRST before the falling edge of DS, this in- 
dicates to memory that the current transfer is the last in 
the transaction. 



When BRSTA is asserted at the time the RSP -RSPi 
lines are sampled ready, this indicates to the CPU that 
memory can support another data transfer following the 
one in process. When BRSTA is negated at the time the 
RSPq-RSPi lines are sampled ready, this indicates to the 
CPU that the current data transfer is the last in the trans- 
action. 

The burst transaction can be terminated by either the 
CPU or memory . If memory terminates the trans fer by 
negating BRSTA, the CPU responds by negating BRST 
when DS is negated. (See the example for burst memory 
read.) If the CPU terminates the_ transfer by negating 
BRST bef ore the falling edge of DS, memory responds by 
negating BRSTA. (See the example for burst memory 
write.) The CPU terminates the burst transaction when 
all the required data items have been transferred or after 
reaching the end of an aligned, 16-byte block. 




Figure 19. CPU Burst Transfer Protocol 
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Burst Memory Read 

Figure 20 shows timing for a burst memory read trans- 
action with one wait state. In this example, three data 
items are trans ferred, after which memory terminates 
the burst. BRST is asserted at the beginning of Ti; other- 
wise, the timing for the first transfer is identical to a 
single memory read. In the middle of T3 the CPU 
samples RSPq- RSPj ready, latches the data, and 
samples BRSTA active. During T4 the second data item 
is transferred, accompanied by DS. The time for the 
second and subsequent transfers can be extended with 



wait states if RSP -RSPt are sampled wait; the CPU 
does not insert automatic wait states after the first 
transfer. 

During T5 the third data item is transferred. At the same 
time the RSP p-RSPi lines are sampled ready, the data is 
latched and BRSTA is sampled inactive. Memory ter- 
minates the bu rst transfer, and the CPU responds by 
negating BRST. 



3 DATA TRANSFERS, MEMORY TERMINATES BURST 
-T 2 ►-« T 3 H^ T 4 — 



_J 



I 



■IDC 



\+ WAIT STATE — *-| 

~) < DATAIN X " 



t_r~L_r" 



V. 

^ r 



"^ 



\ 



/ 



RIW / 




V 


STo-STT_3_ \ y 

BW/L, BL/W X 




X 




r 




BRST \ 


V 



X 



X 



JZO~ 



*RSPo- RSPi, BRSTA, and data sampled. 



Figure 20. Burst Memory Read Timing (1 Wait State) 
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Burst Memory Write 

Figure 21 shows timing for a burst memory write trans- 
action with no wait states. In this example, two data 
items are transferred, and the CPU terminates the burst. 
BRST is asserted at the beginning of T-i; otherwise, the 
timing for the first transfer is identical to a single 
memory write. In the middle of T3 the CPU samples 
RSPq-RSP-i ready a nd BRS TA active. At the beginning of 
T4 the CPU negates BRST indicating that one more data 



transfer will follow. During T4 the second data item is 
transferred, accompanied by DS. The time for the se- 
cond and subsequent transfers can be extended with 
wait states if RSPo-RSPt are sampled wait; the CPU 
does not insert automatic wait states after the first 
transfer. Memory recognizes that the CPU has ter- 
minated the burst transfer and responds by negating 
BRSTA before the end of T 4 . 
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Figure 21 . Burst Memory Write Timing 



Interlocked Memory Transactions 

In tightly-coupled multiprocessor configurations, the CPU 
must at certain times inhibit other bus masters from referring 
to shared memory while the CPU performs two or more in- 
terlocked transactions. The CPU uses interlock protection 
for data references associated with Test and Set, Decrement 
Interlocked, and Increment Interlocked instructions. The 
CPU also uses interlock protection for references to address 
translation table entries when loading the Translation Looka- 
side Buffer. The CPU indicates interlocked protection for a 



sequence of memory references by using status 1111 for 
any of the memory transactions previously described. While 
the CPU indicates status 1111, the memory system must 
prevent interlocked references to shared memory by other 
processors. During a sequence of interlocked memory 
transactions, the CPU does not acknowledge local bus re- 
quests nor does the CPU generate any bus transactions 
with status other than 1111. 
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INPUT/OUTPUT TRANSACTIONS 



The CPU uses status 0010 to read from and write to I/O 
ports. I/O transactions are generated by I/O instructions 
and, when address translation is enabled, by data 
references to pages with bit 31 of the page table entry 
set to 1 . 

The timing for I/O and memory transactions is very 
similar. The major difference is that DS falls in the mid- 
dle of T2 for I/O read timing, compared to the beginning 
of T2 for memory read timing. This allows peripheral 



devices more time for address decoding. Another dif- 
ference is that the data transfer size (byte, word, or 
longword) for I/O transactions is specified by the instruc- 
tion, not by HICR. The final difference is that the CPU 
does not support burst I/O transactions. Figure 22 shows 
timing for an I/O read transaction. Single I/O write timing 
is the same as that shown for a single memory write 
(Figure 18). 
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Figure 22. I/O Read Timing 
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EPU TRANSACTIONS 



The CPU and EPU cooperate in the execution of EPA in- 
structions (Figure 23). When the CPU encounters an EPA 
instruction and the EPA bit in FCW is 1 , the CPU broadcasts 
the first two words of the instruction to the EPUs in the sys- 
tem using the CPU-EPU instruction transfer transaction. All 
EPUs in the system recognize the transaction, but only one 
of four possible EPUs is selected by bits 16 and 17 of the 
EPU instruction. The CPU also transfers the PC value for the 
instruction, which the selected EPU saves for use in excep- 
tion handling. If data transfers are required to complete the 
instruction, the CPU controls the data transfer transactions 
while the EPU drives or receives the data. 



the suspended EPA instruction on the system stack during 
exception processing. 



The EPUBSY signal, output from the EPU, is used to syn- 
chronize the CPU and EPU in executing EPA ins tructions. 
(When multiple EPUs are present in a system, the EPUBSY 
input to the CPU mu st be driv en by an external AND gate 
whose inputs are t he EPUB SY signals from the EPUs). The 
CPU must sample EPUBSY inactive before initiating an EPU 
instruction tra nsfer. If da ta transfers are required, the CPU 
must sample EPUBSY inactive before initiating the first 
transfer. 

While the CPU samples EPUBSY active, no transactions are 
initiated; however, the CPU may grant the local bus. 

EPUBSY is also used to control the degree of overlap be- 
tween CPU and EPU instruction execution. Ordinarily, the 
CPU can continue processing other instructions after per- 
forming the data transfers associated with an EPA instruc- 
tion and before the EPU has completed executing the 
instruction. To simplify debugging and recovery from excep- 
tions, overlap can be disabled under control of the EPUO bit 
in HICR. When ov erlap is disabled (EPUO = 0), the CPU 
samples EPUBSY in the middle of the bus cycle during 
which the last data transfer for an EPA instruction occurs. If 
EPUBSY is asserted, t he CPU c eases processing instruc- 
tions or interrupts until EPUBSY is sampled inactive in the 
middle of a bus cycle. When o verlap is enabled (EPUO = 
1), the CPU does not sa mple EPU BSY after the last data 
transfer, but only samples EPUBSY before initiating the next 
EPU instruction transfer. 

While processing an EPA instruction and after the instruc- 
tion has been transferred lo the selected EPU, the CPU may 
detect an addre ss translation exception. In such an event, 
the CPU asserts EPUABORT, informing the selected EPU to 
abort ex ecution of the instruction; at all other times, the CPU 
negates EPUABORT. The CPU then saves the address of 




Figure 23. EPA Instruction Processing 

When CPU and EPU instruction processing overlap, the 
CPU may complete all data transfers for an EPA instruction 
(the queued instruction) before the EPU completes execu- 
tion of a previous EPA instruction. If the EPU then detects an 
exception during execution of the previous instruction, the 
EPU does not execute the queued instruction. In such a 
case, the address of the queued instruction is in an EPU 
control register, and the CPU saves the address of a subse- 
quent instruction on the system stack. 

To simplify system hardware, the CPU and EPU AD lines 
should be wired together with no buffers between them. If 
the AD lines are separated by buffers, external circuitry must 
generate IE and OE timing for CPU-EPU data and read and 
EPU-memory write transactions. 
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CPU-EPU Instruction Transfer 

Figure 24 shows timing for a CPU-EPU instruction transfer 
transaction with status 01 00. The rising edge of AS indicates 
that the AD lines and status are valid. During Ti , the AD lines 
are used to transfer the opcode, i.e., the first two words of the 
EPA instruction. At the beginning of T 2 the CPU stops driv- 
ing the opcode, asserts DS, and starts driving PC on the AD 
lines. In the middlejpf T 2) the CPU samples RSP -RSP-| 
ready and negates DS. The data transfer size for the transac- 
tion is longword. 



The duration of a CPU-EPU instruction or data transfer can 
be extended with wait states if RSPo-RSP-i are sampled wait. 
The Z8070 APU, however, does not require wait states, nor 
does it drive RSPq-RSP^ Systems using the Z8070 APU 
must ensure that RSP0-RSP1 are both High, indicating 
ready, during CPU-EPU instruction and data transactions. 
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CPU-EPU Data Transfer Transactions 

Transactions to transfer data between the CPU and EPU use 
status 0001 . The EPA instruction opcode indicates the num- 
ber of words to be transferred. One or more long words of 
data are transferred until all words have been transferred. If 
the last transfer contains a single word, the data is on ADq- 
AD-| 5 . Th e CPU d oes not assert BRST and ignores RSPo- 
RSP! and BRSTA. 

Figure 25 shows timing for a CPU-EPU data read trans- 
action. This example has two data transfers; any number of 



data transfers between one and eight is possible. The rising 
edge of AS indicates that status and control signals are valid. 
The CPU stops driving the AD lines at the end of T-| , and the 
EPU begins driving the AD lines in the middle of T 2 . At the 
beginning of T 3 , the CPU asserts DS. In the middle of T 3 , the 
CPU samples the data and negates DS. The second 
longword of data is transferred during T 4 . After the last data 
transfer, the CPU inserts an idle bus cycled in the example) 
during which neither the CPU nor EPU drive the AD lines. 
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Figure 26 shows timing for a CPU-EPU data write trans- the first transfer is identical to the CPU-EPU instruction trans- 
action. This example has three data transfers; any number of fer transaction. A second longword of data is transferred 
data transfers between one and eight is possible. Timing for during T 3 , and the third longword is transferred during T 4 . 
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Figure 26. CPU-EPU Data Write Timing 
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EPU-Memory Transactions 

The CPU uses status 1 01 or 1 011 for the EPU to read from 
and write to memory. The timing is identical for EPU- 
memory read and CPU-memory read. The EPU monitors 
the CPU timing on the bus, and uses the two least-significant 
address bits on the first transfer, the data transfer size, and 
the length of the operand from the instruction to select the 
bytes it needs from the AD lines. 

The timing for an EPU-memory write transaction differs 
slightly from a CPU-memory write transaction. Two extra bus 
cycles are included to pass the AD lines from the CPU to 
EPU after the address transfer and from EPU back to CPU 
after the last data transfer. Figure 27 shows an example for a 
single EPU-memory write transaction with no wait states. 



The CPU stops driving the AD lines at the end of Ti ; the EPU 
begins driving them in the middle of T2. DS is asserted in the 
middle of T3, one bus cycle later than for CPU-memory write 
timing. The CPU negates DS in the middle of T 4 . The CPU 
can insert wait states in the middle of T4. The EPU continues 
to drive the AD lines until the end of T 4 . After the last data 
transfer the CPU inserts an idle bus cycle (T5 in this example) 
during which neither the CPU nor EPU drive the AD lines. 
EPU-memory burst write transactions are similarly extended 
by two bus cycles more than with CPU-memory burst write 
timing. One cycle is inserted before the first data transfer, 
and another after the last data transfer. 
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Figure 27. EPU-Memory Single Write Timing 
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INTERRUPT REQUEST AND 
ACKNOWLEDGE 

The CPU recognizes vectored, nonvectored, and non- 
maskable interrupt requests. The decreasing order of prior- 
ity for ^interrupts is nonmaskable, vectored, and nonvec- 
tored. NMI is edge sensitive; when NMI is asserted, an inter- 
nal latch is loaded. VI and NVI are level sensitive. 

The CPU samples VI, NVi, and the internal NMI latch on the 
rising edge of CLK. The interrupt request signals can be 
asynchronous to CLK; the CPU synchronizes them 
internally. 

Figure 28 shows timing for an interrupt acknowledge trans- 
action, indicated by status 01 01 , 011 0, or 01 1 1 . The timing 



is similar to a single I/O read. Wait states (either programmed 
for automatic insertion or externally generated) can be in- 
serted before DS falls in the middle of T 2 and before DS rises 
in the middle of T 3 . Inserting wait states before DS falls allows 
for delay in the interrupt priority daisy chain. A word of data is 
transferred on AD0-AD1 5. All of the interrupts save the trans- 
ferred word on the system stack for processing the interrupt. 
Vectored interrupts use the low-order byte of the word to se- 
lect a unique PC value from the Program Status Area. 
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Figure 28. Interrupt Response/Acknowledge Timing 
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INTERNAL OPERATION AND HALT 
TRANSACTIONS 

Figure 29 shows timing for internal operation (status = 
0000) and halt (status = 0011) transactions. Unlike other 
bus transactions, data is not transferred in these operations. 
Nevertheless, the transfer size for these transactions is 
longword. The minimum duration for the transaction is two 
bus cycles. 

The CPU generates an internal operation transaction after a 
sequence of interlocked memory transactions to free the 
memory system lock when no other transactions need to be 
performed. The CPU generates a halt transaction upon en- 
tering halt state— when the Halt instruction is executed, or 
when memory indicates bus error during a fetch or store of 
Program Status for exception processing. The CPU leaves 
halt state when an interrupt or reset occurs. When the mini- 
mum Address Strobe rate option is enabled (controlled by 
bit MASR in HICR), the CPU maintains a minimum rate for 
Address Strobes by generating halt transactions in halt state 
or internal operation transactions otherwise. 
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BUS RETRY 



During any transaction in which data is transferred, the re- 
sponding device can indicate bus retry on RSP0-RSP1. 
When bus retry is indicated, the CP U term inates the transac- 
tion in progress, negating DS and BRST If bus retry is indi- 
cated during a burst transfer, the retry transaction begins 



with the address for the data transfer where bus retry is 
indicated. 

The CPU does not acknowledge inerrupts or bus requests 
between the retry response and the retry transaction. 



BUS ERROR 

During any transaction in which data is transferred, the re- 
sponding device can indicate a bus error exception on 
RSP -RSP-|. When bus error is indicated, Jhe CP U term i- 
nates the transaction in progress, negating DS and BRST. A 
bus error exception also causes termination of the instruc- 



tion in execution. In processing a bus error exception, the 
CPU saves the Program Status, physical address for the 
transaction, and a word identifying the status and control 
signals used for the transaction. 
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BUS REQUEST AND ACKNOWLEDGE 



The CPU supports two types of bus request/acknowledge 
sequences, local and global. Other bus mast ers reques t the 
local bus from the CPU using a handshake of BUSREQ and 
BUSACK. The CPU requests a glob al b us from an external 
arbiter using a handshake of GREQ and GACK. 

To generate transactions on the local bus, a potential bus 
master (such as a DMA controller) must gain control of the 
bus by making a bus request ( Figure 30) . A local bus 
request is initiated by assertin g BUSRE Q. Several bus 
requestors may be wired to the BUSREQ signal; priorities 
are resolved externally to the CPU, usually by a priority daisy 
chain. 



The CPU samples BUSREQ on the rising edge of CLK. 
BUSREQ can be asynchron ous to CLK; the CPU 
synchronizes it internally. After BUSREQ is asserted, the 
CPU completes any transaction or sequence of interlocked 
transactions in progress, includi ng possib le retries. Next, 
the CPU responds by asserti ng BUSACK and placing its 
other outpu t signals except EPUABORT in 3-state. The 
EPUABORT signal remains valid while the CPU has granted 
the local bus, and may b e asserted if an EPA instruction is in 
progress. Later, w hen BUSREQ is negated, the CPU 
negates BUSACK and begins driving all other output 
signals. 



The CPU can initiate transactions with devices located on a 
global bus shared with other CPUs. At any time, only one of 
the CPUs can initiate transactions on the global bus. Control 
of the global bus is arbitrated by external circuitry. Before 
initiating transactions on the global bus, the CPU requests 
control of the global bus from the arbiter using the protocol 
described below. 

The CPU uses two fields of HICR to distinguish between 
local and global bus transactions. The GE bit enables use of 
the global bus. The 4-bit LAD field specifies one of sixteen 
sections of the physical address space used for local 
references. 

Before every memory and I/O bus transaction (status codes 
001 and 1 000 through 1111), the CPU compares the LAD 
field with bits 26 to 29 of the physical address. If the 
comparison is unequal and GE is 1 , then the transaction is a 
global bus reference; otherwise the transaction is a local bus 
reference. In a tightly-coupled multiprocessor system 
(Figure 1 4-c), each of the local and global memory locations 
and peripheral ports can have a unique system address. 
Each CPU loads a distinct value into LAD, identifying its 
local addresses; the CPUs refer to global addresses and 
local addresses of other CPUs using the global bus request 
protocol. 
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Figure 31 shows timing for the global bus request/ 
acknowledge protocol. Before initiating a transaction on the 
global bus, the CPU drives the address, ST -ST 3 , BRST, 
R/W, N/S, BL/W, and BW/L valid at the beginning of a bus 
cycle. Then, in the middle of the bus cycle, the CPU asserts 
GREQ. When the global bus selected by the address is 



available to the CPU, the arbiter asserts GA CK. T he CPU 
samples GACK on the rising edge of CLK. GACK can be 
asynchronous to CLK, the CPU synchronizes it internally. 
The CPU perform s one o r more transactions on the global 
bus, th en negates GREQ. The arbiter responds by negating 
GACK, and the CPU can then initiate more transactions. 
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Figure 32 shows a state diagram for the local and global bus 
request protocols. To prevent deadlock between CPUs 
referencing each other's local memories, a CPU can be 



preempted while it i s waiti ng for GACK in State 2. If BUSREQ 
is asserted before GACK, the CPU relinquishes the global 
bus without performing any transactions. 



( BUSRE Q = L) 
(GACK = H) 



BUSACK = L 
BUS = 3ST 



BUSREQ = H 



BUSACK = H 
BUS = 2ST 



w 



GACK = L 
ERROR 



(BUSREQ = H)»(GACK = H) • 
(NEED_GBUS = H) 



BUSACK = H 
BUS = 2ST 



E | (GACK = L)*(BUSREQ = H) 

STATE 4 



BUSACK = H 
BUS = 2ST 



1 GACK = H 



( GACK = L) • 

[(BUSREQ = L) 

+ (NEED_GBUS = L)] 



( GACK a L) • 
F„ (BUSREQ = L) 



BUSACK = H 
BUS = 2ST 



G 
ERROR 



NOTES: Interface signals are High (H), Low (L), High or Low (2ST), or 3-stated (3ST). 
NEED_GBUS is an active High signal internal to the CPU. 

Figure 32. State Diagram for CPU Bus Request Protocol 



Transition Legend 



State Legend 



A A local bus request occurs. 

B The global bus arbiter grants control of the 

global bus when no global bus request is 
pending. This is an error. The CPU remains in 
State 0. 

C The CPU requests the global bus in response 

to the internally generated signal 
NEED_GBUS. 

D The local bus master relinquishes the bus. 

E The global bus arbiter grants the global bus to 

the CPU while no local bus request is pending. 

F The global bus arbiter grants the global bus to 

the CPU while no local bus request is pending. 
The CPU is preempted. 

Q The global bus arbiter reclaims the global bus 

before the CPU relinquishes the global bus. 
This is an error. The CPU's response to this 
error is undefined. 

H The CPU relinquishes control of the global bus 

when it no longer needs the global bus or in 
response to a local bus request. 

I The global bus arbiter reclaims the global bus. 



State The CPU controls the local bus and is neither 
requesting nor controlling the global bus. 
The CPU can perform transactions on the 
local bus. 

State 1 The CPU has granted the local bus. 

The CPU cannot perform transactions. 

State 2 The CPU controls the local bus and is re- 
questing the global bus. 
The CPU cannot perform transactions. 

State 3 The CPU controls the local and global buses. 
The CPU can perform transactions on the 
global bus. 

State 4 The CPU controls the local bus and is relin- 
quishing control of the global bus. 
The CPU cannot perform transactions. 
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Reset 

Figure 33 shows Reset timing. After RESET is asserted, the 
CPU responds as follows. 

■ AD lines are turned to input direction 



AS, BRST, BUSACK, DS, EPUABORT, GREQ, IE, and OE 
are negated 

ST0-ST3 are driven to 1 1 1 1 

BW/L and BL/Ware driven Low 

N/S and R/W are undefined 



If RESET is asserted while the CPU is asserting BUSACK, 
the CPU first negates BUSACK, then the other CPU output 
lines are re moved from 3-state and driven as described 
above. After RESET is asserted, external circuitry can detect 
that the CPU hasjesponded to the reset reques t by sensing 
BW/L and BL/W Low. At power on, RESET should be 
asserted until after power has stabilized. 

During reset, bits SX, NX, CI, and CD of the SCCL control 
register are cleared, disabling the address translation and 
cache mechanisms. Bit GE of HICR is also cleared, 
disabling the global bus request protocol. 



At the rising edge of RESET, the relationship between bus 
timing, memory data path, and number of automatic wait 
states is determined. If RSPo is High at the rising edge of 
RESET, HICR is initialized with M .DP = 1 , M .W = 7, and 
S = 1 . This corresponds to a default configuration of 1 6-bit 
memory path, seven automatic wait states, and bu s clock 
scale factor 2. If RSPq is Low at the rising edge of RESET, 
AD -AD 3 and AD-11 are latched into the corresponding bits 
of HICR, and AD 15 must be High. 



RESET need not be synchronous with CLK; however, the 
CPU as sumes that the last rising edge of CLK on which 
RESET i s asser ted corresponds to a rising edge of BCLK. 
Thus, if RESET is synchronized with the rising edge of the 
external bus clock, the internal and exte rnal bu s clocks will 
be in phase with respect to CLK. After RESET is negated, 
the CPU reads FCW from me mory addre ss 2 and PC from 
address 4 using status 11 01 . If BUSREQ is asserted before 
RESET is negated, the CPU acknowledges the bus request 
before fetching the Program Status. 
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Figure 33. Reset Timing 



ORDERING INFORMATION 

The Ordering Information section lists package temperature 
ranges and product numbers. Refer to the Literature List for 
additional documentation. Package drawings are in the 
Package Information section. 
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The Z-BUS is a high-speed parallel 
shared bus that links the Z800, 
Z8000, and Z80.000 microproces- 
sor families and Extended Process- 
ing Units with the peripherals 
needed to implement complete 
systems. Through a common com- 
munications interface, Z-BUS periph- 
erals and CPUs support the 
following types of transactions: 

■ Data Transfer. 1 6 or 32 bits of 
data can be moved between bus 
controllers (such as a CPU) and 
associated peripherals 

■ Interrupts. Interrupts can be 
generated by peripherals and 
serviced by CPUs over the bus. 

■ Resource Control. A daisy 
chain priority mechanism sup- 
ports distributed management of 
shared resources which includes 
peripheral devices and the bus 
itself. 



The heart of the Z-BUS is a set of 
multiplexed address/data lines and 
the signals that control these lines. 
Multiplexing data and address onto 
the same lines makes more efficient 
use of pins and facilitates expansion 
of the number of data and address 
bits. Multiplexing also allows straight- 
forward addressing of a peripheral's 
internal registers, which greatly 
simplifies I/O programming. 

A daisy-chained priority mecha- 
nism resolves interrupt and resource 
requests, thus allowing distributed 
control of the bus and eliminating 
the need for separate priority control- 
lers. The resource-control daisy 
chain also allows wide physical 
separation of components. 

Furthermore, Z-BUS is asynchron- 
ous in the sense that peripherals 
need not be synchronized with the 
CPU clock. All timing information is 
provided by Z-BUS signals. 



As a result of a common hardware 
interface and protocol, users can be 
assured that adequate system sup- 
port for their Z800, Z8000, or 
Z80,000 system design is readily 
available with the following Z-BUS 
peripherals and Extended Process- 
ing Units: 

■ Z8030 Serial Communications 
Controller (Z-SCC) 

■ Z8036 Counter Input/Output 
Circuit (Z-CIO) 

■ Z8038 FIFO Input/Output Inter- 
face Unit (Z-FIO) 

■ Z8068 Data Ciphering Processor 

■ Z8090/4 Universal Peripheral 
Controller 

■ Z8070 Floating Point Unit (FPU 
Extended Processor) 
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Floating Point Unit 
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Preliminary 

Product 

Specification 
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FEATURES 

■ Fast and complete implementation of proposed IEEE 
Standard P754 Draft 10.0 for Binary Floating-Point 
Arithmetic. With a 10 MHz clock, performs a 
single-precision multiplication in under three micro- 
seconds. 

■ Supports Single, Double, and Double Extended 
floating-point data types, 32- and 64-bit integers; BCD 
strings. 

■ Operations supported include add, subtract, multiply, 
divide, square root, remainder, and compare. 



Speed versions offered from 1 MHz to 25 MHz. 

Provides for conversion of binary integer and Binary 
Coded Decimal formats to and from floating-point 
format. 

Can be interfaced through Zilog's Extended Processing 
Architecture or a general-purpose interface. 

Frees CPU for performance of other tasks. 
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GENERAL DESCRIPTION 



The Z8070 Floating-Point Processing Unit (FPU) is an 
Extended Processing Unit (EPU) designed to perform 
floating-point arithmetic functions while operating in parallel 
with a CPU. By monitoring the same instruction stream as 
the CPU, it is able to identify and execute those instructions 
intended for it, thereby freeing the CPU to perform other 
activities (Figure 1). 

The FPU can use Zilog's Extended Processing Architecture 
(EPA) for the Z800, Z8000, and Z80000, or using a 
general-purpose interface, it can be integrated into systems 
based on other popular microprocessors. 



The FPU supports several data formats, enabling it to 
handle a wide range of business and scientific applications. 
These include three binary floating-point formats and four 
integer formats, including one for variable length Binary 
Coded Decimal (BCD) strings. All of the FPU's internal 
numeric manipulations use an 80-bit floating-point format; 
however, transfers of data between the FPU's data registers 
and CPU registers or memory can use any of the formats 
desired, as specified in the floating-point instruction. 



EXECUTION OF 
FLOATINGPOINT 
INSTRUCTIONS 



EXECUTION OF 

CPU INSTRUCTIONS; 

BUS CONTROL 



<: 



} 



CPU AND FPU 

INSTRUCTIONS 

AND DATA 



Figure 1 . The FPU Environment 
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Floating-point arithmetic operations are performed 
according to the requirements of the proposed IEEE 
Standard P754 Draft 1 0.0. The Z8070 supports: 

■ Single (32-bit), Double (64-bit), and Extended (80-bit) 
Precision floating-point number formats. 

■ Addition, subtraction, multiplication, division, square- 
root, remainder, square, reverse division, reverse 
subtraction, absolute value, and compare operations. 

■ Conversions between different floating-point formats. 

■ Conversions between binary integers and floating-point 
numbers. 



■ Non-numbers (NaNs) and infinity arithmetic. 

■ Floating-point exceptions and their handling. 
Execution speeds are as follows: 

Number of Cycles 
Operation Single Double Double Extended 

18 
48 
49 

At 25 MHz, 1 cycle = 40ns; at 10 MHz, 1 cycle = 100 ns. 



Add/subtract 


18 


18 


Multiply 


28 


42 


Divide 


29 


43 



ARCHITECTURE 

Overview 

The Z8070's contribution to a system is best understood by 
examining its structure. Internally, the Z8070 is organized as 
two processors: an Interface Processor and a Data 
Processor. The two processors have separate clocks, 
freeing the Data Processor from interface speed constraints. 
Figure 2 is a block diagram of the Z8070 FPU. 

The Interface Processor fetches and aligns instructions and 
data, maintains the internal instruction queue, and executes 
certain control and data movement instructions 
independently of the Data Processor. By monitoring CPU 
status and control signals, the Interface Processor knows 
when an instruction fetch is to occur and will watch for an 
Extended Instruction template. It will read and align the 
instruction and data when the Extended Instruction 
template has the correct EPU Identifier (ID) number. 

CPU ADDRESS/DATA LINES 
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The Data Processor, which operates independently of the 
Interface Processor, contains eight 80-bit data registers 
accessible to the user. It also contains the multiplier array, 
ALU, accumulator, shifter, quotient predictor, and temporary 
registers required for floating-point processing. 

The parts of the Data Processor visible to the user are the 
eight 80-bit data registers, specified in floating-point 
instructions as source and/or destination registers. 

Register Organization 

The Z8070 provides the following registers: 

■ Eight 80-bit data registers (F0-F7) 

■ Two 32-bit program counters (PC1 and PC2) 

■ Two 32-bit flags register (FFLAGS) 

■ A 32-bit system configuration register (SC) 

■ A 32-bit user control register (USER) 

■ Two 80-bit operand registers (FOP1 and FOP2) 
These are shown in Figures 3, 4, 5, 6, 7 and 8. 

STATUS AND CONTROL REGISTERS 



USER | 




SYSTEM 




PC1 




PC2 




F FLAGS 




FOP1 


FOP2 



Figure 3. Status and Control Registers 



Figure 2. Z8070 Block Diagram 
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Figure 5. Program Counter Registers 



SIGN EXPONENT SIGNIFICAND 

Figure 4. Data Registers 
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COMPARE AND REMAINDER FLAGS 



PREVIOUS OPERATION FLAGS 



STICKY FLAGS 



Figure 6. Flags Register 
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All of these are accessible to users except the System 
Configuration register; it is reserved for privileged users. 

Data Registers. The Z8070 has a data register file of eight 
80-bit data registers labeled F0 to F7. 

Program Counter Registers (read only). PC1 holds the 
address of the instruction being executed in the Data 
Processor or the address of any control instruction being 
executed. PC2 holds the address of any queued instruction. 

Flags Register. The Flags register (Figure 6) contains 
historical information on Z8070 operations. 

Sticky Flags (0-7). Eight flags are set when the 
corresponding arithmetic exception occurs, and remain set 
until they are cleared by the programmer. These flags are: 

INV (Invalid Operation). Indicates an invalid operation or 
result has occurred (e.g., 0/0). 

FOV (Overflow). Indicates that the absolute value of a 
floating-point number is too large to be accommodated by 
the destination format. 

UN (Underflow). Occurs when the absolute value of a 
number is too small for the destination format, and further 
denormalization would cause a loss of accuracy. 

DZ (Divide by Zero). Indicates the division of a non-zero finite 
number by zero. 

INX (Inexact Result). Indicates when the result is inexact due 
to rounding or an untrapped overflow. 

DE (Denormalized number). I ndicates that an operation was 
performed on a denormalized number. 

NAN (Signaling NaN). Occurs when a Signaling NaN is 
encountered. (NaN stands for "Not-a-Number", and may 
be used to force a trap or hold other information.) 

IX (Integer Overflow). Occurs when the floating-point 
number is too large in magnitude to convert to an integer or 



BCD string, or when an attempt is made to convert a NaN to 
an integer. 

Previous Operation Flags (8-15). The same as the sticky 
flags described above, but they reflect the exceptions of the 
previous arithmetic operation. 

Reserved (16-17). These bits are reserved. 

Compare and Remainder Flags (18-23). Set with 
comparisons as shown in Table 1 . 

Table 1 . Comparison Results 
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FOP2E (24-25). Contains the two most significant bits of the 
exponent of operand register FOP2. 

FOP1 E (26-27). Contains the two most significant bits of the 
exponent of operand register FOP1 . 

R (28). Rounding bit; 1 if most recent result was rounded 
up. 

Invalid Op (29-31). Contains a code describing the reason 
for an invalid operation result as follows: 

000 infinity minus infinity 

001 zero multiplied by infinity 

01 zero divided by zero, or infinity divided by infinity 

01 1 all invalid remainders 

100 unordered compare 

1 01 square root of a negative number 

1 1 non-decimal digit on BCD convert 

1 1 1 conversion of NaN to decimal or integer 



2235-004, 005, 006 
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Figure 7. System Configuration Register 



System Configuration Register. The System 
Configuration register is a 32-bit control register (Figure 7). 
In systems that distinguish between System and User 
modes of operation, it is restricted to privileged users. 

Interrupt Vector (0-7). This field identifies the source and 
cause of an interrupt. 

SV(9). Set to shift the interrupt vector left one bit, and set the 
LSB to zero. 

VIS (10). Set when the interrupt vector is to include status 
information. 

NV (11). Set when there is no interrupt vector (leaves lines 
3-stated). 

DLC (12). Set to disable interrupts from lower priority 
devices on the interrupt daisy chain. 

IUS (13). Set when the interrupt is under service. 

IP (14). Set to indicate a pending interrupt. 

MIE (15). Set to enable interrupts. 

INTACK (16-17). Set to indicate which type of interrupt 
acknowledge to respond to as follows: 

OX = Non-maskable 

10 = Non-vectored 

1 1 = Vectored 

CVRLP (18-19). Indicates the Overlap mode as follows: 

00 = No Overlap, Simple Overlap (Z80.000) 

01 = Reserved 

10 = Intermediate Overlap 

11 = Maximum Overlap (Not available for Z8000) 

AC (20). Set to synchronize processors if CLK.I and CLK.D 
are running at different speeds. 

F (21). Set if an interrupt service routine will be unable to 
successfully return to the interrupted program. Also set if 
two or more floating-point instructions have been fetched 
after the EPU requested an interrupt, but before the interrupt 
acknowledge. 

RPC (22). Set if an interrupt service routine will need to alter 
its return address to successfully continue the interrupted 
program. 

U (23). Set when the Z8070 is used. 



IR (24-25). Set to indicate the reason for an interrupt as 
follows: 

00 = Arithmetic 

01 = Invalid opcode 

10 = Invalid EPU id 

11 = Privilege mode violation 

ID (26-27). These (read only) bits hold the ID of the Z8070 
expressed in binary form. Instructions are executed only if 
the ID in the opcode matches these bits. 

EPUIDS (28-31). This field contains four bits, one for each 
possible EPU ID An instruction specifying an ID whose 
corresponding bit is a 1 will cause an Invalid EPU ID 
interrupt. 

User Control Register. The User Control register (Figure 
8) is a 32-bit register, accessible to all users. The user 
controls rounding modes and enables/disables traps with 
this register. 

RM (0-1). Sets the rounding modes as follows: 

00 = Round to Nearest 

01 = Round toward Zero 

10 = Round toward Positive Infinity 

1 1 = Round toward Negative Infinity 

Trap Enables (8-15). The setting of these bits enables the 
trap associated with each exception listed below. 

INV (Invalid) 

FOV (Overflow) 

UN (Underflow) 

DZ (Divide-by-Zero) 

I NX (Inexact result) 

DE (Denormalized number) 

NAN (Signaling NaN) 

IX (Integer Overflow) 

Undefined (16-31). These bits are undefined, and reserved 
for future use. 

Floating Operand Registers (read only). The Z8070 
contains two 80-bit Floating Operand registers (Figure 9), 
labeled FOP1 and FOP2, which contain the input operand 
(FOP1) and the default result (FOP2) for use by trap 
handlers. 
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Figure 8. User Control Register 
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Figure 9. Floating Operand Registers 
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PROGRAMMING 

Floating-point instructions are contained in the same 
program as standard CPU instructions. To the programmer, 
instruction execution appears linear, as if a single processor 
is executing all the instructions. In many cases however, 
CPU and Z8070 processing can occur in parallel, greatly 
increasing system throughput. 

Parallel processing depends upon the type of FPU 
instruction being executed and the Overlap mode set in the 
System Configuration register. Instruction overlap is a type of 
system organization that allows the FPU to queue 
instructions by distributing processing between two 
processors. 

Interleaving CPU and FPU instructions allows processing to 
be overlapped, thereby increasing total system processing 
speed by distributing processing between two processors. 

Details about the behavior of the Z8070 under each of the 
overlap modes can vary according to the particular 
interface. The basic idea is explained in Table 2. 

Table 2. Overlap Modes 

NO OVERLAP 

Instruction 1 executing 
CPU stopped 

INTERMEDIATE INSTRUCTION OVERLAP 

Instruction 1 executing 
Instruction 2 queued 



Generally, while in No Overlap mode the Z8070 attempts to 
stop the CPU whenever the Z8070 is doing any processing. 
This mode does not take advantage of the Z8070's overlap 
capabilities, but can be useful for debugging purposes. 

In Intermediate Overlap mode, the Z8070 allows the CPU to 
continue with CPU processing while a floating point 
operation is proceeding in the FPU, but attempts to stop the 
CPU after a second floating point instruction is transferred. 

In Maximum Overlap mode, the Z8070 allows the CPU to 
continue processing after a second FPU instruction has 
been transferred to the Z8070, and allows a subsequent 
third FPU instruction to be fetched. Maximum Overlap 
mode, not available for Z8000 interface, is used for 
applications requiring maximum performance. 

Floating point exceptions cause flushing of floating point 
instructions queued behind the instruction responsible for 
the exception. The use of Intermediate Overlap mode allows 
software to recover cleanly from exceptions (such as divide 
by zero, or overflow). When Maximum Overlap mode is in 
effect, programs that encounter an enabled exception must 
restart the program from a known point, such as rerunning 
the exception-causing module, or simply exit the program. 

Figure 10 illustrates instruction processing with No-Overlap 
and with Maximum Overlap. In general, any time lost by 
stopping the CPU is negligible, and the interaction of CPU 
and FPU is transparent to the user. It is possible, however, to 
arrange programs to take advantage of the parallel 
processing capabilities inherent in the system. 



MAXIMUM INSTRUCTION OVERLAP 

Instruction 1 executing 
Instruction 2 queued 
Instruction 3 being fetched 
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FPU/CPU PROCESSING IN NO OVERLAP MODE 



Figure 10. Instruction Processing 



An interleaving of CPU and Z8070 instructions enhances 
the ability of a system to process in parallel. Without 
interleaving, floating-point instructions might be received 
faster than they can be processed, forcing the Z8070 to halt 
further CPU processing until the current extended 
instruction is completed. Also, some instructions take a 
relatively long time to process (e.g., FSQR or FREMSNF); 
interleaving allows the CPU to process instructions while 
these extended instructions are being processed by the 
FPU. 

Parallel processing is facilitated by interleaving instructions 
as in 



DOTLOOP: 



CLR 



F0 



FLDD 


F1,@R2 


FMULD 


F1,@R4 


INC 


R2,#8 


INC 


R4,#8 


FADD 


F0.F1 


DJNZ 


R6, DOTLOOP 



In this dot product loop, the two CPU commands are placed 
directly after the multiply command so the CPU can execute 
them while the Z8070 is busy with the (relatively slow) 
multiply command. 
Programming constructions like the following 



FADD 
FLD 



F1, 
@R4, F1 



cause the Z8070 to halt the CPU to ensure that valid results 
are read from F1 during the subsequent load operation. 

Data Types and Formats 

This section describes the different data types and formats 
that the FPU is able to manipulate. These datatypes include 
binary floating-point and binary and decimal integers, and 
can be represented in 32-, 64-, and 80-bit formats. 

Binary Floating-Point. All binary floating-point numbers 
assume the following format: 



SIGN 


EXPONENT 


SIGNIFICAND 
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where the Sign bit specifies a positive (cleared to 0) or 
negative (set to 1) number. The negative or positive 
floating-point number is equal to: 

Significand X 2(exponent-bias) 

The significand portion contains the fraction and the integer 
bit (in Single and Double Precision binary, the integer bit is 
implicit). The significand then, is the integer bit followed by 
the binary point and the fraction. The exponent locates the 
actual binary point, and the sign bit specifies a positive or 
negative number. 

In the following description of the binary floating-point 
formats, "s" is the sign, "e" is the exponent, "f" is the 
fractional part of the significand, and "j" is the integer part 
(possibly implicit) of the significand. 

The value (v) of the 32-bit Single Precision Binary format is 
determined as follows: 

■ If e = 255 and f # 0, then v = NaN. 

■ Ife = 255 and f = O.thenv = (-l)s(infinity). 

■ If0<e<255,thenv = (-1)s2e-i27(i.f). 

■ Ife = and f#0, then v = (-1)s2e-"i26(fj.f). 

■ If e = and f = 0, then v = (- 1)sfJ,(zero). 

The value of the 64-bit Double Precision binary format is 
determined as follows: 

■ If e = 2047 and f # 0, then v = NaN. 

■ If e = 2047 and f = 0, then v = (- l)s(infinity). 

■ If < e < 2047 then v = ( - 1 )s2e-i 023(1 .f). 

■ Ife = 0andf#0,thenv = (-1)s2e-i022(fj.f). 

■ If e = and f = 0, then v = (- 1)sfJ,(zero). 



For the 80-bit Double Extended Precision Binary format, the 
value is determined as follows: 

■ If e = 32,767 and f + 0, then v = NaN. 

■ Ife = 32,767 and f = O.thenv = (-l)s(infinity). 

■ If 0<e< 32,767 then v = (- 1)s2(e-i6,383)(j.f). 

■ If e = and j = f = 0, then v = (- 1) s 0, (normal zero). 

■ Ife = and j or f is nonzero, then v = (-1)s2e-i6,383(j.f). 

The exponent is always biased to ensure a positive value for 
the purpose of comparisons. Numbers of the same format 
may then be compared bit by bit from left to right, the first 
difference determining the ordering. For Single Precision 
Binary the bias is 1 27, for Double Precision it is 1 023, and for 
Extended Precision the bias is 1 6,383 (Table 3). 

Table 3. Exponent Biases 



Format 



Exponent Bias 



Single 

Double 

Extended 



127 

1023 

16383 



An exponent of all ones indicates an infinity if the significand 
equals zero, or a NaN if the significand is not zero. A 
Signaling NaN is indicated by the MSB of the fraction field 
being zero, and a Quiet (non-trapping) NaN is indicated by 
the MSB of the fraction being one. Single, Double, and 
Extended formats are shown in Figure 1 1 . 
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SINGLE PRECISION BINARY (32 BITS) 



nnilRI F PRECISION BINARY (64 BITS) 



5 = Sign bit 

6 = Exponent field 
f = Fraction field 

j = Integer bit 



EXTENDED PRECISION BINARY (80 BITS) 



Figure 1 1 . Binary Floating-Point Formats 
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UP TO 19 BCD DIGITS 
BINARY CODED DECIMAL INTEGER 



Figure 12. Binary Coded Decimal (BCD) Integer Format 



BINARY INTEGER (32 AND 64 BIT TWO'S COMPLEMENT INTEGERS) 



Figure 13. Long Word and Quad Word Integer Formats 



Integers. Integer formats are automatically converted to the 
80-bit binary floating-point format when they are loaded into 
the FPU (instructions FLDIL, FLDIQ, and FLDBCD). 

Decimal Integers. The Decimal Integer format is 80 bits, 
which includes up to 1 9 Binary Coded Decimal (BCD) digits 
and a Sign bit. The Decimal Integer format is illustrated in 
Figure 12. 

Binary Integers. The Long Word and Quad Word Integer 
formats are shown in Figure 13. These are the only formats 
which express negative numbers in two's complement form. 

Addressing Modes (Table 4) 

Operands are specified in the Z8000 floating-point 
instruction with one or more of the following five addressing 
modes: Z8070 Register (F), CPU Register (R), Indirect 
Register (IR), Direct Address (DA), and Index (X) 
addressing. 

Table 4. Addressing Modes 



Addressing Mode 



Z800 Z8000 Z80,000 Universal 



FPU Register (F) 


X 


X 


X 


X 


CPU Register (R) 


X 


X 


X 




Immediate (I M) 






X 




Indirect Register (IR) 


X* 


X 


X 




Direct Address (DA) 


X* 


X 


X 




Indexed (X) 


X* 


X 


X 




Relative Address (RA) 


X* 








Stack Pointer Relative (SR) 


X* 








Base Index (BX) 


X* 









The Z80.000 adds the Extended Addressing Mode (EAM) 
to the five Z8000 addressing modes listed above. These 
include Immediate Addressing (IM), Relative Address (RA), 
Base Address (BA), Base Index (BX), and Relative Index 
(RX) addressing modes. Refer to the Z80.000 CPU Manual 
for detailed information. 

The Z800 encodes the addressing mode in an escape 
prefix preceding the template. The template itself indicates 
Indirect Register (IR) addressing mode. 

The Z800 adds three addressing modes: Relative Address 
(RA), Stack Pointer Relative (SR), and Base Index (BX). 

The Universal interface addressing mode is F = FPU 
register (F). 

Assembler Syntax 

Floating-point instructions are of the form: 

FXXX[S,D]rnddst,src 

The opcode suffix [Single (S), Double (D), or Extended (no 
suffix)], refers to the size of the source operand, "rnd" refers 
to the precision to which the result of the operation is 
rounded. SGL is single precision, DBL is double precision, 
and no suffix is extended precision. 



*May be used to transfer data between memory and the Z8070. 
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2235-012,013 



INSTRUCTION SET 



The floating-point instruction set provides the following 
types of instructions: 

■ Primary arithmetic operations 

■ Load and store operations 



■ Compare and examine operations 

■ Secondary arithmetic operations 

■ Control operations 



Primary Arithmetic 


Operations 






Mnemonic 


Operands 


Addressing Modes 


Operation 


FADD 

FADDS 

FADDD 


dst, src 


dst:F 

src: F,CPU,M 


Floating Addition 

dst *- dst + src 


FDIV 

FDIVS 

FDIVD 


dst, src 


dst:F 

src: F.CPU.M 


Floating Divide 

dst «- dst/src 


FMUL 

FMULS 

FMULD 


dst, src 


dst:F 

src: F.CPU.M 


Floating Multiply 

dst *- dst* src 


FREMSNF 


dst, src 


dst:F 

src: F.CPU.M 


Floating Remainder Step 

dst*- dst REM src 



FREMSTEP 



FLD 

FLDS 

FLDD 



dst, src 



dst, src 



dst:F 
src: F 



Floating Remainder Step and 
Transfer Flags to CPU 

dst*- dst REM src 

CPU *- immediate result flag 



dst:F 


Floating Load 


src: F.CPU.M 




or 


dst *- src 


dst: CPU.M 




src: F 





N 
00 

o 
o 



FRDIV 

FRDIVS 

FRDIVD 


dst, src 


dst:F 

src: F.CPU.M 


Floating Reverse Divide 

dst «- src/dst 


FRVSUB 

FRVSUBS 

FRVSUBD 


dst, src 


dst:F 

src: F.CPU.M 


Floating Reverse Subtract 

dst *- src - dst 


FSQR 

FSQRS 

FSQRD 


dst, src 


dst:F 

src: F.CPU.M 


Floating Square Root 

dst *- SQR src 


FSUB 

FSUBS 

FSUBD 


dst, src 


dst:F 

src: F.CPU.M 


Floating Subtract 

dst «- dst - src 
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Load and Store Operations 


Mnemonic 


Operands 


Addressing Modes 


Operation 


FLDBCD 


dst, src 


dst:F 

src: CPU.M 
(80-bit operand) 

or 
dst:CPU,M 
(80-bit operand) 
src: F 


Floating Load BCD Integer 

dst «- Float (BCD-src) 
dst «- BCD (float-src) 


FLDIL 
FLDIQ 


dst,src 
dst, src 


dst:F 
src: CPU.M 

or 
dst: CPU.M 
src: F 

dst:F 
src: CPU, M 

or 
dst: CPU.M 
src: F 


Floating Load Binary Integer 

dst *- Float (src) 
dst «- Fix (src) 


FLDM 

(obsolete) 


dst, src, n 
(n = 1 only) 


dst:F 
src: CPU,M 

or 
dst: CPU.M 
src: F 


Floating Load Multiple 

dst «- src 


FLDNF 


dst, src 


dst:F 

src: F.CPU.M 

or 
dst: CPU.M 
src: F 


Floating Load with No Flags Set 

dst -*- src 


Compare and Examine Operations 


Mnemonic 


Operands 


Addressing Modes 


Operation 


FCP 

FCPS 

FCPD 


srd ,src2 


srd : F 

src2: F.CPU.M 


Floating Compare 

srd - src2, test results set accordingly 


FCPF 


src1,src2 


srd : F 
src2: F 


Floating Compare and Transfer 
Flags to CPU 

srd - src2 
FCW *- test results 


FCPFX 


srd ,src2 


srd : F 
src2: F 


Floating Compare, Transfer Flags 
to CPU, and Raise Exception if 
Unordered 

srd - src2 
CPU*- test results 


FCPX 

FCPXS 

FCPXD 


srd ,src2 


srd : F 

src2: F,CPU,M 


Floating Compare and Raise 
Exception if Unordered 

srd - src2, test results set accordingly 
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Compare and Examine Operations (Continued) 



Mnemonic 



Operands 



Addressing Modes Operation 



FCPZ 



srd 



srd : F 



Floating Compare with Zero 
and Transfer Flags to CPU 



srd - Normal Zero 
CPU <- test results 



FCPZFX 



srd 



srd : F 



Floating Compare with Zero, Transfer 
Flags to CPU, and Raise Exception 
if Unordered 









srd - Normal Zero 
CPU*- test results 


N 


FCPZNF 

FCPZNFS 

FCPZNFD 


srd 


src1:F,CPU,M 


Floating Compare with Zero 

srd - Normal Zero 


00 

o 
o 


FCPZXNF 

FCPZXNFS 

FCPZXNFD 


srd 


src1:F,CPU,M 


Floating Compare with Zero and 
Raise Exception if Unordered 

srd - Normal Zero 


•0 


Control Operations 


Mnemonic 


Operands 


Addressing Modes 


Operation 




FLDCTL 


dst, src 
dst,src,#count 


dst: FctI 
src: CPU,M 

or 
dst: CPU.M 
src: FctI 


Floating Load Control 

dst *- src 




FLDCTLB 


dst 


dst: flag group 


Floating Load Control Byte 

FCW«- test results 




FRESFLG 


src 


dst: FFLAGS 
src: flaglist 


Floating Reset Flag 

FFLAGS (flaglist) «-0 




rriSis ! RAP 


src 


dst: USER 
src: traplist 


Floating Reset Trap 

USER (traplist) ^0 




FSETFLG 


src 


dst: FFLAGS 
src: flaglist 


Floating Set Flag 

FFLAGS (flaglist) -1 




FSETMODE 


src 


dst: USER 
src: modelist 


Floating Set Mode 

USER <- modelist 




FSETTRAP 


src 


dst: USER 
src: traplist 


Floating Set Trap 

USER (traplist) *- 1 
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Secondary Arithmetic Operations 


Mnemonic 


Operands 


Addressing Modes 


Operation 


FABS 

FABSS 

FABSD 


dst, src 


dst:F 

src: F.CPU.M 


Floating Absolute Value 

dst-*- |src| 


FCLR 


dst 


dst:F 


Floating Clear 

dst *- Normal Zero 


FINT 

FINTS 

FINTD 


dst, src 


dst:F 

src: F.CPU.M 


Floating Round to Floating Integer 

dst ««- Float [Int (src)] 


FNEG 

FNEGS 

FNEGD 


dst, src 


dst:F 

src: F,CPU,M 


Floating Negation 

dst«-(-src) 



FLDTL 



FLDTQ 



dst, src 


dst:CPU,M 
src: F 


Floating Loa< 


i and Truncate to 


dst, src 


dst: CPU, M 
src: F 


dst«-lnt(src) 





FPWR2 

FPWR2S 

FPWR2D 



dst,src 



dst:F 

src: RCPU.M 



Floating Square 



dst «- src* src 



SIGNAL DESCRIPTIONS 



This section describes the Z8070 pin functions that are 
common to all interfaces. Signals specific to individual 
interfaces are listed within those sections. 

BSY. Busy (output, active Low). The BSY signal is used by 
the Z8070 as a Wait signal during stores, and also to 
implement overlap functions. BSY is associated with the 
Z8000 STOP, the Z800 PAUSE, and the Z80,000 EPUBSY. 

CLK.D. Data Processor Clock (input). CLK.D is provided by 
the system and runs the data processor portion of the 
Z8070. 

CLK.I. Interface Processor Clock (input). Interface 
Processor portion of theZ8070. 

IDq-ID-i. ID Selects (input, active High). These signals 
establish the EPU ID during reset. 

IEI. Interrupt Enable In (input, active High). IEI is used with 
IEO to form an interrupt daisy chain when there is more than 
one interrupt-d riven device sharing a common interrupt 
request line to the CPU. A High IEI indicates that no other 
higher priority device has an interrupt under service or is 
requesting an interrupt. 

IEO. Interrupt Enable Out (output, active High). IEO is High 
only if IEI is High and the CPU is not servicing a Z8070 



interrupt and the Z8070 is not requesting an interrupt 
(Interrupt Acknowledge cycle only). IEO is connected to the 
next lower priority device's IEI input and thus inhibits 
interrupts from lower priority devices. 

INT. Interrupt Request (output, open-drain, active Low). This 
signal is activated when the Z8070 requests an interrupt. 

N/S. Normal/System (input). High for Normal mode, Low for 
System mode. 

OPTo-OPT-i. CPU Option (input, active High). These 
signals establish the CPU option during reset as follows: 



OPT 


OPTi 


CPU Interface 








Universal 





1 


Z80,000 


1 





Z800 


1 


1 


Z8000 



RESET. Reset (input, active Low). When asserted, RESET 
forces a hardware reset to power-on condition. 

NOTE: After a reset, all bits in USER, FFLAG, and SYS 
registers are set to except the ID bits in SYS. These store 
the value on the ID pins. 
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EXTERNAL INTERFACE 

The Z8070 supports four types of external interface; Z800, 
Z8000, Z80000, and Universal. 

The Z800, Z8000, and Z80000 are Z-BUS type interfaces, 
with the CPU and FPU fully interlocked in hardware. These 
Z-BUS interfaces require no software polling or wait 
instructions to prevent overrunning of the Z8070's 
instruction queue. 

The universal interface may require additional logic to 
implement the interface. In general, EPU-memory 
transactions are performed with the same bus cycles as 
CPU-memory transactions. 

Each of these interface types is described in detail later in 
this specification. 

Options 

The Z8070's external interface can be configured to match a 
variety of different conditions. Among the selections are: 

Interface type. The OPTq and OPT-| lines select interface 
types as described earlier in the signal description section of 
this specification. 

Overlap mode. The OVRLP bits (0 and 1) determine how 
the Z8070 will react to extended instructions before it has 
completed the current task. In general, increasing the 
overlap makes processing faster but makes exception 
recovery difficult. (Overlap behavior may also be affected by 
CPU option selections.) 

Interrupts. The Z8070 asserts (NT when it detects an 
exception condition; this signal can be connected to 
different interrupt pins if the MIE bit in the Z8070's System 
Configuration register is set to 1 . 

When the Z8070 detects an exception condition, it asserts 
INT The Z800, Z8000, and Z80,000 respond according to 
whether INT is connected to its VI, NVI, or NMI line. The 
priority of the interrupt depends on the Z8070's position in 
the IEI/IEO daisy chain. The Z-BUS Component 
Interconnect Specification in the Zilog Data Book has more 
information. 

ID field. The Z8070 is designed to be one of up to four 
EPUs in a system. Each extended instruction contains a 
two-bit ID field which selects the desired EPU. 

Extended Processing Architecture 

The Z-BUS CPUs (Z800, Z8000, and Z80000) all support 
Extended Processing Architecture. This provides a 



mechanism by which the basic instruction set can be 
extended via external EPUs such as the Z8070 FPU. 

Each of these CPUs contains an Extended Processing 
Architecture bit, which, when disabled, causes the CPU to 
trap to a software trap handler when it encounters an 
extended instruction. This allows the operation of the 
extended instruction to be performed by software, and 
provides an ideal tool for emulating an EPU during 
development of systems intended to later contain an EPU. 

If the EPA bit is enabled, it indicates that an EPU is 
connected to the CPU. The CPU fetches instructions, and 
the EPU monitors the address/data (AD) bus. When an 
extended instruction occurs, the EPU captures it, and the 
CPU performs any required address calculations. If the 
instruction involves data transfers, the CPU generates the 
timing signals while the EPU drives or receives the data. 

When an extended instruction occurs on the AD bus, all 
EPUs and the CPU latch it. Extended instructions contain an 
ID code which identifies the particular EPU for whom the 
instruction is intended; if that unit is free, it executes the 
instruction. 

If the extended instruction indicates a data transfer between 
the Z8070's internal registers and main memory, the CPU 
calculates the memory address _and generates the 
appropriate timing signals, e.g. AS, DS, or MREQ, but the 
data transfer itself is between the Z8070 and memory (over 
the AD lines). If a transfer of data between the CPU and the 
Z8070 is indicated, the sender places the data on the AD 
bus while DS is active. 

If the extended instruction indicates an internal operation to 
be performed by the Z8070, the Z8070 begins execution of 
the task and the CPU is free to continue on to the next 
instruction. Processing then proceeds simultaneously in 
both the CPU and the Z8070, subject to the restrictions of 
the overlap mode in effect. 

The Extended Processing Architecture includes a provision 
to control the amount of instruction overlapping. Each EPU 
connects to the CPU via the STOP line (Z8000), PAUSE 
(Z8100), or EPUBSY (Z80.000), wired to BSY in the Z8070. 
When the overlap exceeds the amount allowed by the 
overlap mode in effect, the EPU can halt the CPU, giving 
itself a chance to catch up. 
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Figure 14. Z8000-Z8070 Interface 



Z8000 INTERFACE 



The Z8000 uses its Z-BUS architecture to support the 
Z8070. As the Z8000 fetches instructions from memory, the 
Z8070 monitors the instruction stream, looking for 
templates. 

The EPA Enable bit in the Z8000's FCW register must be 
High to enable the extended processing architecture. If it 
sees a template while the EPA enable bit is Low, it generates 
a trap. This facilitates the use of a software emulator in 
designs which will use the Z8070. 



In addition to the pins described earlier for all interfaces, the 
Z8000 Interface (Figure 1 4) uses the following Z8070 pins: 



ABORT. Abort (input, active Low). ABORT is asserted to 
cause an instruction abort (Z8001 and Z8003 only). 

AD -AD 15 . Address/Data (bidirectional, active High, 
3-state). These multiplexed address and data lines are 
supplied by the CPU. 
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AS. Address Strobe (input, active Low). The rising edge of 
AS indicates the beginning of a transaction and shows that 
the address, status, and control signals are valid. 



BUSACK. Bus Acknowledge (input, active Low). When 
BUSACK goes Low, the EPU 3-states the AD lines until 
BUSACK goes High again and an EPU-to-memory or CPU 
transfer is required. 

B/W. ByteArVord (input). These signals specify the data 
transfer size. 

DS. Data Strobe (input, active Low). DS provides timing for 
data transfers on the bus. 

R/W. Read/Write (input, Low = Write). Tells the Z8070 
whether the CPU is performing a read or write. 

SN -SN 6 . Segment Number (input, active High). These 
lines identify address segments in Z8001 and Z8003 circuits 
and contain the segment number portion of a memory 
address. 

ST0-ST3. Status (input, active High). These lines specify the 
type of bus transaction as follows: 

ST3-ST0 Type of Transaction 

01 01 Nonmaskable interrupt acknowledge 

0110 Nonvectored interrupt acknowledge 

0111 Vectored interrupt acknowledge 

1010 EPU to data memory transfer 

1 01 1 EPU to stack memory transfer 

1 1 00 Instruction fetch after first word 

1101 Instruction fetch, first word 
1110 CPU to EPU transfer 

All Z8000 extended instructions have a two- word opcode, 
where the first Hex byte is either 0E, OF, 4E, 4F, 8E or 8F and 
the least significant two bits of the first word are the ID field. 

The Z8000 recognizes four types of extended instruction: 

1) data transfers between an EPU and memory 

2) data transfers between an EPU and the CPU 

3) status transfers between an EPU and the CPU 

4) internal EPU operations. 



The first three types require data transfers to or from the 
EPU. The CPU performs all necessary address calculations, 
and generates the required address, status and control 
signals. The Z8070 monitors these transactions, capturing 
or supplying the data when DS is active, just as if it were part 
of the CPU. Up to 1 6 words can be transferred as the result 
of one extended instruction; this information is imbedded in 
the instruction. 

The fourth case, internal EPU operations, require no more 
activity from the CPU; it can continue with something else, 
provided the proper overlap mode is in effect. The Z8070 
uses its BSY (STOP) line to stop the Z8000 according to the 
overlap mode in effect and the number of instructions in the 
queue. 

Z8000-based systems use either No Overlap or 
Intermediate Overlap mode. 

Instruction Execution Sequence 

The Z8000/Z8070 instruction sequence appears in Figure 
15. 

When the Z8000 fetches an extended instruction, it 
examines its FCW register to ensure that extended 
processing is enabled. If it is, the Z8000 fetches the second 
word of the extended instruction. 

The Z8070 monitors the instruction stream and the status 
bits. When the CPU fetches the first word of an instruction, 
the Z8070 captures it; if it is an extended instruction, it 
compares the ID field with its ID number and executes the 
instruction if they match. 

If it is an extended instruction, the CPU's next non-refresh 
transaction fetches the second word and sets ST0-ST3 to 
1100. 

The EPU whose ID bits match the ID field captures this 
word, and based on the opcode, determines the type of 
operation to be performed, and (if data transfers are 
required) the number of words of data to be transferred. 
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ASSERT 
BSY 
UNTIL 
FREE 



Figure 15. Z8000/Z8070 Instruction Execution 



CPU activity following the fetch depends on the instruction 
type. If the instruction requires a data transfer, the CPU 
generates the bus transaction signals and status codes. The 
Z8070 monitors this activity to determine when to output or 
input data. For transfers between the Z8070 and memory, 
the CPU tristates its address/data lines while DS is active. 

Internal FPU Operations 

If the instructions call for an internal Z8070 operation, the 
CPU can proce ed w ith its next instruction, provided it is not 
stopped by the BSY from the Z8070. 

Z8070 to Memory Data Transfers 

If an extended instruction calls for EPU to memory transfers, 
the CPU generates extra instruction fetch cycles as required 
to obtain the address portion of the instruction. The next 1 to 
16 non-refresh CPU-generated transactions transfer the 
data. 



Figure 16 illustrates the timing. During T-| , the CPU outputs 
the memory address and bus status information, identified 
by status 1 01 and 1011; this is guaranteed valid when AS 
rises. 

For Z8070 to memory transactions, R/W is _Low and the 
Z8070 places the data on the bus when AS rises. For 
memory to Z8070, R/W is High and memory must supply 
the data before the falling edge of the clock in the middle of 
T3. In both cases, the Z8000 tristates its AD lines while DS is 
active. 

These times can be extended by activating the CPU's WAIT 
line, adding wait states between T2 and T3. 

CPU to Z8070 Data Transfers 

CPU to Z8070 data transactions are illustrated in Figure 1 7. 

When an extended instruction calls for a CPU to FPU data 
transfer, the next 1 to 16 non-refresh CPU-generated 
transactions provide for data transfer. 
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Z800 INTERFACE 

The Z8100 is the Z-BUS external interface of the Z800 
family; it interfaces to the Z8070 via the Z-BUS architecture. 
The Z8108 uses the Universal Interface. 

Like the other Z-BUS units, the Z8100 is designed to 
interface with the Z8070 without using external logic. The 
CPU is responsible for fetching instructions, performing 
address calculations, and generating the timing signals for 
bus transactions; however, the Z8070 does the actual data 
manipulation. 

In addition to the pins described earlier for all interfaces, the 
Z800 Interface (Figure 1 8) uses the following Z8070 pins: 

AD -AD 2 3. Address/Data (bidirectional, active High, 
3-state). These multiplexed address and data lines are 
supplied by the CPU. 

AS. Address Strobe (input, active Low). The rising edge of 
AS indicates the beginning of a transaction and shows that 
the address, status, and control signals are valid. 

BL/W, BW/L. Byte, Long word/Word; Byte, Word/ 
Longword. These signals specify the data transfer size. 
BW/L is tied High to program the Z8070 for 8/16 bit date 
transfers. 



BL/W 

1 




BW/L 

1 
1 



Size in Bits 

8 (Byte) 
16 (Word) 



BUSACK. Bus Acknowledge (input, active Low). When 
BUSACK goes Low, the EPU 3-states the AD lines until 
BUSACK goes High again and an EPU-to-memory or CPU 
transfer is required. 

DS. Data Strobe (input, active Low). DS provides timing for 
data transfers on the bus. 



R/W. Read/Write (input, Low = Write). Tells the Z8070 
whether the CPU is performing a read or write. 

ST0-ST3. Status (input, active High). These lines specify the 
type of bus transaction as follows: 

ST -ST 3 Type of Transaction 

01 01 Nonmaskable interrupt acknowledge 

01 1 Nonvectored interrupt acknowledge 

01 1 1 Vectored interrupt acknowledge 

1010 EPU to data memory transfer 

1011 EPU to stack memory transfer 

1 1 00 Instruction fetch after first word 

1101 Instruction fetch, first word 

1110 CPU to EPU transfer N 

§ 

The Z8100 architecture provides a group of unique Q 
instruction opcodes for EPU instructions. All these fall into © 
one of four groups: •fl 

Load EPU from memory C 

Load memory from EPU 
Load accumulator from EPU 
EPU internal operation 

These fall into one of the following formats: 

ED opcode, 4-byte template 

ED opcode, 2-byte displacement, 4-byte template 

ED opcode, 2-byte address, 4-byte opcode 

The 8100 uses the ED opcode portion as an instruction, to 
tell it what type of EPU instruction follows. It handles the 
displacement and template as data. The FPU uses the 
template to determine what action it is to perform. 
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Figure 18. Z8100-Z8070 Interface 
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Bus Transactions 

As the Z81 00 fetches and executes instructions, the Z8070 
monitors the instruction stream and the status bits (ST0-ST3). 
When the Z81 00 fetches an extended instruction (assuming 
the EPA enable bit is set), it sets its status lines to 11 01 for the 
first word of the four-byte instruction template and to 1 1 00 for 
the second. 

Once the Z8070 sees the 1 100 status code, it begins to 
capture template information and to monitor the address 



and timing signals from the CPU These tell it when to 
participate in a data transaction. 

For transactions between the Z8070 and memory, the 
Z8100 3-states its address/data lines while DS is active so 
the Z8070 can supply data over the bus (Figures 1 9 and 20). 
Z8070 to CPU transactions are four processor cycles long 
unless extended by WAIT (Figure 21). 

The BSY/PAUSE line halts all CPU activity except responses 
to refresh requests, bus requests, and reset. 
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Figure 19. Z8070 Memory Read, Z800 Interface 
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Figure 20. Z8070 Memory Write, Z800 Interface 
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EPU Templates 

The four-byte template requires two word-fetch cycles if it is 
on an even boundary and one byte-fetch followed by two 
word-fetches if it is on an odd boundary. In the case of odd 
boundaries, it only captures the upper byte from the bus 
during the last word-fetch. 

The template is always fetched from memory using the 
CPU's external interface, regardless of the current state of 
the on-chip cache. Even though the opcode and 
addressing portion of the EPU instruction may be executed 
from the Z8216's on-chip cache, the template is always 
fetched from memory. 

The CPU activity following the extended instruction fetch 
depends on the type of extended instruction. For an EPU 
internal operation, no further bus transactions are required; 
it fetches the next instruction. For an EPU to CPU transfer, 



the next non-refresh transaction after the template fetch will 
be the EPU to CPU transfer, a word transaction identified by 
status code 1110. During this cycle, the CPU emits the 
address of the previous transaction. 

For transactions between the EPU and memory, the next 
one to 16 transactions after the template fetch will be data 
transfer cycles. The amount of data to transfer is encoded in 
the instruction template, but the actual number of cycles 
also depends on whether the block to be transferred starts 
on an even or odd boundary. 

The Z8100/Z8070 interface handles all activity prior to, and 
following, the extended instruction template fetch. Zilog's 
Z800 Assembler supports the Z8070 by replacing Z8070 
source mnemonics with the proper opcode and template 
information. 



Z80,000 INTERFACE 

In addition to the pins described earlier for all interfaces, the 
Z80,000 Interface (Figure 22) uses the following Z8070 pins: 



ABORT. Abort (input, active Low). Aborts current 
instruction. 

AD -AD 31 . Address/Data (bidirectional, active High, 
3-state). These multiplexed address and data lines are 
supplied by the CPU. 

AS. Address Strobe (input, active Low). The rising edge of 
AS indicates the beginning of a transaction and shows that 
the address, status, and control signals are valid. 

BL/W, BW/L. Byte, Longword/Word; Byte, Word/Longword 
(inputs). These signals specify the data transfer size as 
follows: 



RSPOo-RSPO-i. Response (bidirectional, active High). 
These lines encode the response monitored by the EPU to 
transactions initiated by the Z80,000 CPU as follow: 



RSP 



1 
1 



RSPi 


1 


1 



Response 

Wait 

Bus Error 
Retry 
Ready 



R/W. Read/Write (input, Low = High). Tells the Z8070 
whether the CPU is performing a read or write. 

ST -ST 3 . Status (input, active High). These lines specify the 
type of bus transaction as follows: 



BL/W 

1 

1 



BW/L 

1 
1 




Size in Bits 

8 (Byte) 

16 (Word) 

32 (Longword) 



BRST. Burst (input, active Low). BRST active indicates that 
the CPU may generate burst transfers. 



BRSTA. Burst Acknowledge (input, active Low). A Low on 
BRSTA indicates that the memory can support burst 
transfers. 



BUSACK. Bus Acknowledge (input, active Low). When 
BUSACK goes Low, the EPU 3-states the AD lines until 
BUSACK goes High again and an EPU-to-memory or CPU 
transfer is required. 

DS. Data Strobe (input, active Low). DS provides timing for 
data transfers on the bus. 



ST0-ST3 Type of Transaction 

0101 Nonmaskable interrupt acknowledge 

0110 Nonvectored interrupt acknowledge 

01 1 1 Vectored interrupt acknowledge 

1010 EPU to data memory transfer 

1 01 1 EPU to stack memory transfer 

1 1 00 Instruction fetch (after first word) 

1101 Instruction fetch, first word 
1110 CPU to EPU transfer 

The Z8070 and the Z80.000 are designed to serve together 
as coprocessors, so the interface between them is 
straightforward. The address/data, bus control, and timing 
pins are connected directly, enabling the IE and OE signals 
from the Z80.000 to control buffer circuits. 

The Z80.000 and Z8070 use EPUABORT and BSY to 
control the Z8070. The Z8070 asserts BSY to halt the 
Z80.000, and the Z80.000 asserts EPUABORT to 
abort Z8070 operation. 
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The Z8070's interface clock and the CPU's clock connect to 
a common signal. The Z8070's interface clock must be 
synchronous with the CPU's clock, and skew between the 
two should be minimal. The Z8070's data processor clock 
can be asynchronous. 

Instruction Execution 

The Z80.000 architecture is designed to enable EPUs 
(including the Z8070) to serve as coprocessors, executing 
instructions in parallel. 

When the CPU, with its EPA bit enabled, encounters an EPA 
instruction, it outputs the first two words of the instruction to 
the EPUs using a CPU-EPU instruction transfer bus 



transaction. The EPUs use bits 1 6 and 1 7 of the instruction 
longword as an ID code. The CPU also transmits the logical 
Program Counter that points to the instruction; the Z8070, 
assuming it is selected, saves this for exception handling. 

If the instruction requires data transfers to or from memory, 
the CPU controls the bus while the Z8070 drives or receives 
the data. If the Z80 70 needs time to process or format the 
data, it asserts BSY to delay the CPU. 

The Z8070 also uses BSY to control the CPU for overlap 
modes. It works together with the EPUO bit in the CPU's 
Hardware Interface Control Register, as follows: 



Overlap Mode 



OVRLP 
Z8070 



EPU 
Z80,000 



Description 



No overlap 


00 





Simple overlap 


00 


1 


Intermediate overlap 


10 





Maximum overlap 


11 


1 



The Z8070 executes an EPU instruction before the CPU proceeds. 

After the Z8070 has received instruction 1 the CPU proceeds to EPA 
instruction 2 then waits for the Z8070 to complete instruction 1 . 

When the Z8070 is executing instruction 1 and instruction 2 is in its 
queue, the CPU waits for the Z8070 to complete instruction 1 . 

When the Z8070 is executing instruction 1 and has instruction 2 and 3 
in its queue, the CPU proceeds to EPA instruction 4 and waits for the 
Z8070 to complete instruction 1 before issuing instruction 4. 



UNIVERSAL INTERFACE 



General 

The Universal Interface option (Figure 23) supports 
non-Zilog processors, and the Z80 and Z800 versions not 
directly supported by the Z8070. 

In general, the Z8070 is treated as an I/O device similar to 
Z8500 peripherals (e.g. the Z8530 SCC). Data is transferred 
over the data pus(Dq-D3i), with the Chip Enable (CE), Read 
(RD), and Write (WR) lines controlling the direction. When 
CE and WR go Low, instructions are written to the Z8070; 
when CE and RD go High, data is read from the Z8070. 

Universal Interface is enabled at reset by the Z8070 OPT 
and OPTi pins. 

Signal Descriptions 

In addition to the pins described earlier for all interfaces, the 
Universal Interface uses the following Z8070 pins: 

Aq. Address Line (input, active High). Selects between 
status (1) and normal (0) transactions. Permits access to the 
contents of the Status register, and initiates read or write 
transactions. 



ABORT. Abort (input, active Low). Aborts current 
instruction. 
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Figure 23. Z8070 Universal Interface 
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BL/W, BW/L. Byte, Longword/Word; Byte, Word/ 
Longword. These signals specify the data transfer size. 
BW/L is tied High to program the Z8070 for 8/16 bit data 
transfers. 



BL/W 

1 

1 



BW/L 

1 
1 




Size in Bits 

8 (Byte) 
16 (Word) 
32 (Longword) 



CE. Chip Enable (input, active Low). CE signals the 
beginning of a Z8070 transaction and is valid only for the 
length of a single transaction or machine cycle. 

D -D 31 . Data Bus (bidirectional, active High, 3-state). These 
are the Data Lines for the Universal Interface. 



INTACK. Interrupt Acknowledge (input, active Low). This 
line indicates to the Z8070 that an interrupt acknowledge 
cycle is in progress. 

RD. Read (input, active Low). This signal indicates a read 
operation. 

SIP. Sequence in Progress (output, active Low). This signal 
is forced Low during the first bus transaction of an 
instruction, and is held Low until all data transfers associated 
with that transaction are complete. 



WAIT. Wait (output, open drain). This signal is activated 
when a read or write of floating point instructions or data is 
attempted while BSY is asserted. It is released when the data 
can be accepted or supplied. 

WR. Write (input, active Low). This signal indicates that the 
CPU is writing to the Z8070. 

Z8070 Transfer and Timing 

This interface supports four basic cycles: 

■ Read Cycle 

■ Write Cycle 

■ Interrupt Acknowledge Cycle 

■ Read Status Cycle 

A Read cycle is distinguished by CE and RD being pulled 
Low. A Write cycle is distinguished by CE and WR being 
pul led low. An Interrupt Acknowledge cycle is distinguished 
by INTACK being pulled Low. All instruction, data, and status 
transfers are based on these basic cycles. 

Read Cycle Timing 

Figure 2 4 illustrat es read cycle timing. Aq (Low) and the 
status on INTACK must remain stable throughout the cycle. 
IfC E falls after RD falls, or rises before RD rises, the effective 
RD is shortened. 
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Figure 24. Read Cycle Timing, Universal Interface 



Figure 25. Write Cycle Timing, Universal Interface 
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Write Cycle Timing 

Figure 2 5 illustrates write cycle timing. Aq and the status on 
INTA CKm ust remain stable throughout the cycle. If CE falls 
after WR falls, or rises before WR rises, the effective WR is 
shortened. 

Interrupt Acknowledge Cycle Timing 

Figure 2 6 illustra tes interrupt acknowledge cycle timing. 
Between INTACK going low and the falling edge of RD, the 
internal and external IEI/IEO daisy chains settle. If there i s an 
interrupt pending on the Z8070, and IEI is High when RD 
falls, the acknowledge cycle was intended for the Z8070. In 
this case, the Z8070 may be programmed to respond to RD 
Low by placing its interrupt vector on D0-D7 and internally 
setting the appropriate Interrupt-Under-Service latch. 

Read Status Cycle Timing 

Read status cycles are like the normal read cycles shown in 
Figure 24 except that Aq is High; a Read Status Cycle c an be 
performed at any time. Ao and the status on INTACK must 
remain stable throughout the cycle. lf_C_E falls after RD falls, 
or rises before RD rises, the effective RD is shortened. 



Z8070 Transaction Timing 

At any time, the Z8070 can be in one of the following states: 

Ready 

Sequence-in-Progress 

Busy 

In Universal Interface, the Z8070 is treated as an I/O device. 
After Reset, it is in the Ready state, ready to accept an 
instruction via a Write cycle. After the first Write cycle, it 
changes to the Sequence-in-Progress state. 

During the Sequence-in-Progress state, the SlP line is held 
Low. It is asserted until the instruction sequence and all 
associated data transfers are complete. 

For example, if the Z8070 is programmed to use a 16-bit 
bus, and the instruction consists of two 16-bit words, the 
Z8070 changes from the Ready state to the 
Sequence-in-Progress state after the first word (most 
significant word first) is transferred. It waits for the transfer of 
the second word of the instruction, then determines if any 
data transfers are required. It waits for these as necessary. 
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Figure 26. Interrupt Acknowledge Cycle Timing, Universal Interface 
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The Z8070 enters the Busy state when it cannot accept 
additional Read or Write cycles, either because the internal 
queues are full, or because the requested data is not yet 
ready. In the Busy state, the BSY signal is held Low which is a 
signal for the CPU to avoid Write or Read cycles. If either a 
Write or Read c ycle i s attempted, the Z8070 will drive the 
WAIT line Low. WAIT is released when the Read or Write 
cycle can proceed. Note that a R ead S tatus cycle can be 
performed at any time, even while WAIT is asserted. 

After the instruction transfer and any associated data 
transfers are complete, if the internal queues are full, the 
Z8070 becomes Busy; otherwise, it becomes Ready. 

The Z8070 is always expecting either a Read or a Write 
cycle, depending on what state it is in. The use of the BSY 
line depends on what overlap option is in effect. 

CAUTION: If the Z8070 expects a Read cycle and the 
CPU performs a Write cycle, data may be lost. If it 
expects a Write cycle and the CPU performs a Read 
cycle, spurious data is transferred. Both situations 
should be avoided. 

Z8070 Status Register 

The Status register allows the CPU to read the status of the 
Z8070 (Table 5). The Read Status cycle can occur at any 
time: during Ready, Sequence-in-Progress, and Busy 
states, between bytes of an instruction, and during data 
transfers. 

Table 5. Status Register 

Status Register 
Bit Name Type Function 

BSY Read only 1 if Z8070 cannot accept more 

data 

1 SlP Readonly 1 if instruction sequence is in 

progress 

2 R/W Readonly 1 if the next instruction should 

be a Read 

if the next instruction should 
be a Write 



For example, the Z8070 can be polled at any time to 
determine whether it expects a Read cycle or a Write cycle. 
To do this, read the Status register (set A to 1 and perform a 
Read cycle). Status bit 2 on D2 will be 1 if the next operation 
should be a Read cycle, or if the next operation should be 
a Write cycle. 

Status bit replicates the information provided by the BSY 
pin; this allows software to determine if the Z8070 is in the 
Busy state. 

Status bit 1 replicates the information provided by the SIP 
pin; this allows software to determine if the Z8070 is in the 
SIP state. 

Address Modes 

In Universal Interface mode, the Z8070 ignores distinctions 
between addressing modes such as R, IR, DA, and X that 
move data to, or from, external locations. Specifically, the 
Z8070 merely places data on, or reads data from, the data 
bus D0-D31. This is consistent with the universal interface 
philosophy of treating the Z8070 as an I/O device. 

Data Bus Width 

Because of the programmable bus width, the Z8070 acts as 
an 8, 16, or 32-bit I/O port. Instructions and data transfers 
require multiple Read or Write cycles with the most 
significant byte, word, or longword first. 

For example, if the single precision number 1 234ABCD is to 
be transferred over an 8-bit bus, the transactions will occur 
as follows: 



first byte: 


12 


second byte: 


34 


third byte: 


AB 


fourth byte: 


CD 



Interrupts, Traps and Aborts 

The CPU should respond to an interrupt request by issuing 
the appropriate interrupt acknowledge cycle. The 
least-significant 8 bits of the Z8070's System Configuration 
register contain the vector value read by the CPU during 
interrupt acknowledge. The CPU should use this vector 
either to identify Ihe interrupt source as the Z8070 and/or to 
select the proper service routine. This is shown in Figure 26. 
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Exception Handling and Overlap 

The choice of overlap mode depends on how the user 
recovers from arithmetic exception conditions. The Z8070 
can be programmed to cause an interrupt when certain 
exceptions occur. When an exception occurs, any 
instruction that had been transferred or was in the process of 
being transferred to the Z8070, is flushed. In the Universal 
Interface mode, the PC1 and PC2 registers cannot be used 
for exception recovery because the Z8070 does not monitor 
addresses. 

Both the No Overlap and Intermediate Overlap modes have 
the benefit of allowing only one Z8070 instruction to be 
processed at a time. This allows the exception handling 
routine to read the Z8070 flags to determine the cause of the 
interrupt, take appropriate action, and resume processing. 

In the Maximum Overlap mode, the user must allow for 
recovery of the instruction that caused the exception, and 
any subsequent instruction in the queue. Since the queued 
instruction is lost as a result of the exception, the exception 



handling routine needs to a) read the Z8070 flags to 
determine the cause of the interrupt, b) take any action 
required by the exception itself, c) determine if a subsequent 
instruction was flushed during the exception (and if so, 
re-transfer that instruction), and d) resume processing. 

Hardware Interfacing and Description 

The Universal Interface is patterned after the interface for the 
Zilog 8500 peripherals, which have been interfaced to the 
Zilog's Z80 and Motorola's 68000 CPU, among others. Only 
a minimal amount of "glue logic" is required. 

The reader should consult the following documents in the 
Zilog Microprocessors Applications Reference Book, 
Volume 2, 00-2320-01; they demonstrate the versatility of 
the 8500 peripheral interface: 

"Interfacing Z80 CPUs to the 8500 Peripheral Family," May 
1983, pp. 2,29-51. 

"Interfacing the 8500 Peripherals to the 68000," October 
1982, pp. 4,93-104. 
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Features ■ Dynamic segment relocation makes software 

addresses independent of physical memory 
addresses. 

■ Sophisticated memory-management features 
include access validation that protects 
memory areas from unauthorized or 
unintentional access, and a write- warning 
indicator that predicts stack overflow. 

■ For use with both Z8001 and Z8003 CPU. 



64 variable-sized segments from 256 to 
65,536 bytes can be mapped into a total 
physical address space of 16M bytes; all 64 
segments are randomly accessible. 

I Multiple MMUs can support several transla- 
tion tables for each Z8001/3 address space. 

I MMU architecture supports multi-program- 
ming systems and virtual memory implemen- 
tations. 
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General The Z8010 Memory Management Unit (MMU) 

Description manages the large 8M byte addressing spaces 
of the Z8001 CPU. The MMU provides dynamic 
segment relocation as well as numerous 
memory protection features. 

Dynamic segment relocation makes user soft- 
ware addresses independent of the physical 
memory addresses, thereby freeing the user 
from specifying where information is actually 



located in the physical memory. It also pro- 
vides a flexible, efficient method for support- 
ing multi-programming systems. The MMU 
uses a translation table to transform the 23-bit 
logical address output from the Z8001 CPU 
into a 24-bit address for the physical memory. 
(Only logical memory addresses go to an MMU 
for translation; I/O addresses and data, in 
general, must by pass this component.) 
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General Memory segments are variable in size from 

Description 256 bytes to 64K bytes, in increments of 256 
(Continued) bytes. Pairs of MMUs support the 128 segment 
numbers available for the various Z8001 CPU 
address spaces. Within an address space, any 
number of MMUs can be used to accommodate 
multiple translation tables for System and Nor- 
mal operating modes, or to support more 
sophisticated memory- management systems. 

MMU memory- protection features safeguard 
memory areas from unauthorized or unin- 
tended access by associating special access 
restrictions with each segment. A segment is 
assigned a number of attributes when its 
descriptor is entered into the MMU. When a 
memory reference is made, these attributes are 
checked against the status information sup- 
plied by the Z8001/3 CPU. If a mismatch oc- 



curs, a trap is generated and the CPU is inter- 
rupted. The CPU can then check the status 
registers of the MMU to determine the cause. 

Segments are protected by modes of permit- 
ted use, such as read only, system only, 
execute only and CPU-access only. Other seg- 
ment management features include a write- 
warning zone useful for stack operations and 
status flags that record read or write accesses 
to each segment. 

The MMU is controlled via 22 Special I/O 
instructions from the Z8000 CPU in System 
mode. With these instructions, system software 
can assign program segments to arbitrary 
memory locations, restrict the use of segments 
and monitor whether segments have been read 
or written. 
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General 
Description 

(Continued) 
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Figure 3. The shaded areas in these block diagrams illustrate the resources used in the two modes o! MMU operation. In 
the Address Translation Mode shown on the left, addresses are translated automatically. In the Command Mode shown 
on the right, specific registers are accessed using Special I/O commands. 
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Segmented A segmented addressing space — compared 

Addressing with linear addressing — is closer to the way a 
programmer uses memory because each pro- 
cedure and data set can reside in its own 
segment. 

The 8M byte Z8001 addressing spaces are 
divided into 128 relocatable segments of up to 
64K bytes each. A 23-bit segmented address 
uses a 7-bit segment address to point to the 
segment, and a 16-bit offset to address any 
byte relative to the beginning of the segment. 
The two parts of the segmented address may 
be manipulated separately. 

The MMU divides the physical memory into 
256-byte blocks. Segments consist of physically 
contiguous blocks. Certain segments may be 
designated so that writes into the last block 
generate a warning trap. If such a segment is 
used as a stack, this warning can be used to 
increase the segment size and prevent a stack 
overflow error. 

The addresses manipulated by the program- 
mer, used by instructions and output by the 
Z8001 are called logical addresses. The MMU 
takes the logical addresses and transforms 
them into the physical addresses required for 
accessing the memory (Figure 4). This address 
transformation process is called relocation. 

The relocation process is transparent to user 
software. A translation table in the MMU 
associates the 7- bit segment number with the 
base address of the physical memory segment. 
The 16-bit logical address offset is added to the 
physical base address to obtain the actual 
physical memory location. Because a base 
address always has a low byte equal to zero, 



only the high-order 16 bits are stored in the 
MMU and used in the addition. Thus the low- 
order byte of the physical memory location is 
the same as the low- order byte of the logical 
address offset. This low-order byte therefore 
bypasses the MMU, thus reducing the number 
of pins required. 
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24-BIT PHYSICAL ADDRESS 



Figure 4. Logical-to-Physical Address Translation 



Memory Each memory segment is assigned several 

Protection attributes that are used to provide memory 

access protection. A memory request from the 
Z8001/3 CPU is accompanied by status infor- 
mation that indicates the attributes of the 
memory request. The MMU compares the 
memory request attributes with the segment 
attributes and generates a Trap Request 
whenever it detects an attribute violation. Trap 
Request informs the Z8001/3 CPU and the 
system control program of the violation so that 
appropriate action can be taken to recover. 
The MMU also generates the Suppress signal 
SUP in the event of an access violation. Sup- 
press can be used by a memory system to inhi- 
bit stores into the memory and thus protect the 
contents of the memory from erroneous 
changes. 

Five attributes can be associated with each 
segment. When an attempted access violates 
any one of the attributes associated with a seg- 
ment, a Trap Request and a Suppress signal 
are generated by the MMU. These attributes 
are read only, execute only, system access 
only, inhibit CPU accesses and inhibit DMA 
accesses. 



Segments are specified by a base address 
and a range of legal offsets to this base 
address. On each access to a segment, the off- 
set is checked against this range to insure that 
the access falls within the allowed range. If an 
access that lies outside the segment is attemp- 
ted, Trap Request and Suppress are generated. 

Normally the legal range of offsets within a 
segment is from to 256N 4- 255 bytes, where 
0<N<255. However, a segment may be 
specified so that legal offsets range from 256N 
to 65,535 bytes, where 0<N<255. The later 
type of segment is useful for stacks since the 
Z8000 stack manipulation instructions cause 
stacks to grow toward lower memory locations. 
Thus when a stack grows to the limit of its 
allocated segment, additional memory can be 
allocated on the correct end of the segment. 
As an aid in maintaining stacks, the MMU 
detects when a write is performed to the lowest 
allocated 256 bytes of these segments and 
generates a Trap Request. No Suppress signal 
is generated so the write is allowed to proceed. 
This write warning can then be used to indi- 
cate that more memory should be allocated to 
the segment. 
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MMU The MMU contains three types of registers: 

Register Segment Descriptor, Control and Status. A 

Organization set of 64 Segment Descriptor Registers supplies 
the information needed to map logical memory 
addresses to physical memory locations. The 
segment number of a logical address deter- 
mines which Segment Descriptor Register is 
used in address translation. Each Descriptor 
Register also contains the necessary informa- 
tion for checking that the segment location 
referenced is within the bounds of the segment 
and that the type of reference is permitted. It 
also indicates whether the segment has been 
read or written. 

In addition to the Segment Descriptor 
Registers, the Z8010 MMU contains' three 8-bit 
control registers for programming the device 
and six 8-bit status registers that record infor- 
mation in the event of an access violation. 

Segment Descriptor Registers. Each of the 64 
Descriptor Registers contains a 16-bit base 
address field, an 8-bit limit field and an 8-bit 
attribute field (Figure 5). The base address 
field is subdivided into high- and low-order 
bytes that are loaded one byte at a time when 
the descriptor is initialized. The limit field con- 
tains a value N that indicates N + 1 blocks of 
256 bytes have been allocated to the segment.* 

The attribute field contains eight flags 
(Figure 6). Five are related to protecting the 
segment against certain types of access, one 
indicates the special structure of the segment, 
and two encode the types of accesses that have 
been made to the segment. A flag is set when 
its value is 1 . The following brief descriptions 
indicate how these flags are used. 

Read-Only (RD). When this flag is set, the segment is read 
only and is protected against any write access. 

System-Only (SYS). When this flag is set, the segment can 
be accessed only in System mode, and is protected against 
any access in Normal mode. 

CPU-Inhibit (CPUI). When this flag is set, the segment is 
not accessible to the currently executing process, and is 
protected against any memory access by the CPU. The 
segment is, however, accessable under DMA. 

Execute-Only (EXC). When this flag is set, the segment 
can be accessed only during an instruction fetch or access 
by the relative addressing mode cycle, and thus is pro- 
tected against any access during other cycles 

DMA-Inhibit (DMAI). When this flag is set, the segment 
can be accessed only by the CPU, and thus is protected 
against any access under DMA. 

Direction and Warning (DIRW). When this flag is set, the 
segment memory locations are considered to be organized 
in descending order and each write to the segment is 
checked for access to the last 256-byte block. Such an 
access generates a trap to warn of potential segment 
overflow, but no Suppress signal is generated. 

Changed (CHG). When this flag is set, the segment has 
been changed (written) This bit is set automatically during 
any write access to this segment if the write access does not 
cause any violation. 

Referenced (REF). When this flag is set, the segment has 
been referenced (either read or written) This bit is set 
automatically during any access to the segment if the 
access does not cause a violation. 

*In the stack mode, segment size is 64K-256N 
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Figure 5. Segment Descriptor Registers 



Figure 6. Attribute Field in Segment Descriptor Register 

Control Registers. The three user-accessible 
8-bit control registers in the MMU direct the 
functioning of the MMU (Figure 7). The Mode 
Register provides a sophisticated method for 
selectively enabling MMUs in multiple-MMU 
configurations. The Segment Address Register 
(SAR) selects a particular Segment Descriptor 
Register to be accessed during a control 
operation. The Descriptor Selection Counter 
Register points to a byte within the Segment 
Descriptor Register to be accessed during a 
control operation. 
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Figure 7. Control Registers 

The Mode Register contains a 3-bit iden- 
tification field (ID) that distinguishes among 
eight enabled MMUs in a multiple-MMU con- 
figuration. This field is used during the seg- 
ment trap acknowledge sequence (refer to the 
section on Segment Trap and Acknowledge). 
In addition, the Mode Register contains five 
flags. 

Multiple Segment Table (MST) . This flag indicates whether 
multiple segment tables are present in the hardware con- 
figuration. When this flag is set, more than one table is 
present and the N/S line must be used to determine 
whether the MMU contains the appropriate table. 

Normal Mode Select (NMS). This flag indicates_ whether 
the MMU is to translate addresses when the_N/S line is 
High or Low. If the MST flag is set, the N/S line must 
match the NMS flag for the MMU to translate segment 
addresses, otherwise the MMU Address lines remain 
3-stated. 
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MMU 

Register 

Organization 

(Continued) 



Upper Range Select (URS). This flag is used to indicate 
whether the MMU contains the lower-numbered segment 
descriptors or the higher-numbered segment descriptors. 
The most significant bit of the segment number must match 
the URS flag for the MMU to translate segment addresses, 
otherwise the MMU Address lines remain 3- stated. 

Translate (TRNS). This flag indicates whether the MMU is 
to translate logical program addresses to physical memory 
locations or is to pass the logical addresses unchanged to 
the memory and without protection checking. In the non- 
translation mode, the most significant byte of the output is 
the 7-bit segment number and the most significant bit is 0. 
When this flag is set, the MMU performs address transla- 
tion and attribute checking. 

Master Enable (MSEN). This flag enables or disables the 
MMU from performing its address translation and memory 
protection functions. When this flag is set, the MMU per- 
forms these tasks; when the flag is clear the Address lines 
of the MMU remain 3-stated. 

The Segment Address Register (SAR) points 
to one of the 64 segment descriptors. Control 
commands to the MMU that access segment 
descriptors implicitly use this pointer to select 
one of the descriptors. This register has an 
auto-incrementing capability so that multiple 
descriptors can be accessed in a block 
read/write fashion. 

The Descriptor Selection Counter Register 
holds a 2-bit counter that indicates which byte 
in the descriptor is being accessed during the 
reading or writing operation. A value of zero 
in this counter indicates the high-order byte of 
the base address field is to be accessed, one 
indicates the low-order byte of the base 
address, two indicates the limit field and three 
indicates the attribute field. 

Status Registers. Six 8-bit registers contain 
information useful in recovering from memory 
access violations (Figure 8). The Violation 
Type Register describes the conditions that 
generated the trap. The Violation Segment 
Number and Violation Offset Registers record 
the most- significant 15 bits of the logical 
address that causes a trap. The Instruction 
Segment Number and Offset Registers record 
the most-significant 15 bits of the logical 
address of the last instruction fetched before 
the first accessing violation. These two 
registers can be used in conjunction with 
external circuitry that records the low-order 
offset byte. At the time of the addressing viola- 
tion, the Bus Cycle Status Register records the 
bus cycle status (status code, read/write mode 
and normal/system mode) . 

The MMU generates a Trap Reguest for two 
general reasons: either it detects an access 



violation, such as an attempt to write into a 
read-only segment, or it detects a warning 
condition, which is a write into the lowest 256 
bytes of a segment with the DIRW flag set. 
When a violation or warning condition is 
detected, the MMU generates a Trap Reguest 
and automatically sets the appropriate flags. 
The eight flags in the Violation Type Register 
describe the cause of a trap. 

Read-Only Violation (RDV). Set whenjthe CPU attempts to 
access a read-only segment and the R/W line is Low. 

System Violation (SYSV). Set_when the CPU accesses a 
system-only segment and the N/S line is High. 

CPU-Inhibit Violation (CPUIV). Set when the CPU 
attempts to access a segment with the CPU- inhibit flag set. 

Execute-Only Violation (EXCV). Set when the CPU 
attempts to access an execute-only segment in other than 
an instruction fetch or load relative instructions cycle. 

Segment Length Violation (SLV). Set when an offset falls 
outside of the legal range of a segment. 

Primary Write Warning (PWW). Set when an access is 
made to the lowest 256 bytes of a segment with the DIRW 
flag set. 

Secondary Write Warning (SWW). Set when the CPU 
pushes data into the last 256 bytes of the system stack and 
EXCV, CPUIV, SLV, SYSV, RDV or PWW is set. Once this 
flag is set, subsequent write warnings for accessing the 
system stack do not generate a Segment Trap request. 

Fatal Condition (FATL). Set when any other flag in the 
Violation Type Register is set and either a violation is 
detected or a write warning condition occurs in Normal 
mode. This flag is not set during a stack push in System 
mode that results in a warning condition. This flag 
indicates a memory access error has occurred m the trap 
processing routine. Once set, no Trap Request signals are 
generated on subsequent violations. However, Suppress 
signals are generated on this and subsequent CPU viola- 
tions until the FATL flag has been reset. 
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Figure 8. Status Registers 
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Segment The Z8010 MMU generates a Segment Trap 

Trap and when it detects an access violation or a 

Acknowledge write warning condition. In the case of an 

access violation, the MMU also activates Sup- 
press, which can be used to inhibit memory 
writes and to flag special data to be returned 
on a read access. Segment Trap remains Low 
until a Trap Acknowledge signal is received. If 
a CPU-generated violation occurs, Suppress is 
asserted for that cycle and all subseguent CPU 
instruction execution cycles until the end of 
the instruction. Intervening DMA cycles are 
not suppressed, however, unless they generate 
a violation. Violations detected during DMA 
cycles cause Suppress to be asserted during 
that cycle only — no Segment Trap Reguests are 
ever generated during DMA cycles. 

Segment traps to the Z8001/3 CPU are han- 
dled similarly to other types of interrupts. To 
service a segment trap, the CPU issues a seg- 
ment trap acknowledge cycle. The acknow- 
ledge cycle is always preceded by an instruc- 
tion fetch cycle that is ignored (the MMU has 
been designed so that this dummy cycle is 
ignored). During the acknowledge cycle all 
enabled MMUs use the Address/Data lines to 
indicate their status. An MMU that has 
generated a Segment Trap Reguest outputs a 1 
on the A/D line associated with the number in 
its ID field; an MMU that has not generated a 
segment trap reguest outputs a on its 
associated A/D line. A/D lines for which no 
MMU is associated remain 3-stated. During a 



segment trap acknowledge cycle, an MMU 
uses A/D line 8 + i if its ID field is i. 

Following the acknowledge cycle the CPU 
automatically pushes the Program Status onto 
the system stack and loads another Program 
Status from the Program Status Area. The Seg- 
ment Trap line is reset during the segment trap 
acknowledge cycle. Suppress is not generated 
during the stack push. If the store creates a 
write warning condition, a Segment Trap 
Reguest is generated and is serviced at the 
end of the Program Status swap. The SWW 
flag is also set. Servicing this second Segment 
Trap Reguest also creates a write warning con- 
dition, but because the SWW flag is set, no 
Segment Trap Reguest is generated. If a viola- 
tion rather than a write warning occurs during 
the Program Status swap, the FATL flag is set 
rather than the SWW flag. Subseguent viola- 
tions cause Suppress to be asserted but not 
Segment Trap Reguest. Without the SWW and 
FATL flags, trap processing routines that 
generate memory violations would repeatedly 
be interrupted and called to process the trap 
they created. 

The CPU routine to process a trap reguest 
should first check the FATL flag to determine 
if a fatal system error has occurred. If not, the 
SWW flag should be checked to determine if 
more memory is reguired for the system stack. 
Finally, the trap itself should be processed and 
the Violation Type Register reset. 
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Virtual Several features of the MMU can be used in 

Memory conjunction with external circuitry to support 

virtual memory for the Z8001/3. Segment Trap 
Reguest can be used to signal the CPU in the 
event that a segment is not in primary memory. 
The CPU-Inhibit Flag can be used to indicate 
whether a segment is in the memory or in 



secondary storage. The Changed and Altered 
Flags in the attribute field for each segment 
can aid in implementing efficient segment 
management policies. The Status Registers can 
be used in recovering from virtual memory 
access faults. 



Multiple MMU architecture directly supports two 

MMUs methods for multiple MMU configurations. The 

first approach extends single-MMU capability 
for handling 64 segments to a dual-MMU con- 
figuration that manages the 128 different 
segments the Z8001/3 can address. This 
scheme uses the URS flag in the Mode Register 
in connection with the high-order bit of the 
segment number (SN6). 

The second approach uses several MMUs to 
implement multiple translation tables. Multiple 
tables can be used to reduce the time reguired 
to switch tasks by assigning separate tables to 
each task. Multiple translation tables for multi- 



task environments can use the Master Enable 
Flag to enable the appropriate MMUs through 
software. Multiple translation tables may also 
be used to extend the physical memory size 
beyond 16 megabytes by separating system 
from normal memory and/or program from 
data memory. The MST and NMS flags in the 
Mode JRegister can be used in conjunction with 
the N/S line to select the MMU that contains 
the appropriate table. Special external cir- 
cuitry that monitors the CPU Status lines can 
manipulate the MMU N/S line to perform this 
selection. 
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DMA Direct memory access operations may occur 

Operation between Z8001 instruction cycles and can be 

handled through the MMU. The MMU permits 
DMA in either the System or Normal mode of 
operation. For each memory access, the seg- 
ment attributes are checked and if a violation 
is detected, Suppress is activated. Unlike a 
CPU violation that automatically causes Sup- 
press signals to be generated on subsequent 
memory accesses until the next instruction, 
DMA violations generate a Suppress only on a 
per memory access basis. 

The DMA device should note the Suppress 
signal and record sufficient information to 
enable the system to recover from the access 
violation. No Segment Trap Request is ever 
generated during DMA, hence warning 
conditions are not signaled. Trap Requests are 
not issued because the CPU cannot 
acknowledge such a request. 



At the start of a DMA cycle, DMASYNC 
must go Low for at least two clock cycles , 
indicating to the MMU the beginning of a 
DMA cycle. A Low DMASYNC inhibits the 
MMU from using an indeterminate segment 
number on lines SNg-SNe- When the DMA 
logical memory address is valid, the 
DMASYNC line must be High before a rising 
edge of Clock and the MMU then performs its 
address translation and access protection func- 
tions. Upon the release of the bus at the ter- 
mination of the DMA cycle the DMASYNC line 
must again be High. After two clock cycles of 
DMASYNC High, the MMU assumes that the 
CPU has control of the bus and that subse- 
quent memory references are CPU accesses. 
The first instruction fetch occurs at least two 
cycles after the CPU regains control of the 
bus. During CPU cycles, DMASYNC should 
always be High. 



MMU The various registers in the MMU can be 

Commands read and written using Z8001 CPU special I/O 
commands. These commands have machine 
cycles that cause the Status lines to indicate an 
SIO operation is in progress. During these 
machine cycles the MMU enters command 
mode. In this mode, the rising edge of the 
Address Strobe indicates a command is pres- 
ent on the AD 8 -ADi 5 . If Chip Select is 
asserted and if this command indicates that 
data is to be written into one of the MMU 
registers, the data is read from ADs-ADis 
while Data Strobe is Low. If the command indi- 
cates that data is to be read from one of the 
MMU registers, the data is placed on 
AD8-AD15 while Data Strobe is Low. 

There are ten commands that read or write 
various fields in the Segment Descriptor 
Register. The status of the Read/Write line 
indicates whether the command is a read or a 
write. 

The auto-incrementing feature of the Seg- 
ment Address Register (SAR) can be used to 
block load segment descriptors using the 
repeat forms of the Special I/O instructions. 
The SAR is autoincremented at the end of the 
field. In accessing the base field, first the 
high-order byte is selected and then the low- 
order byte. The command accessing the entire 
Descriptor Register references the fields in the 
order of base address, limit and attribute. 



Opcode (Hex) Instruction 

08 Read/Write Base Field 

09 Read/Write Limit Field 
0A Read/Write Attribute Field 

OB Read/Write Descriptor (all fields) 

0C Read/Write Base Field; Increment SAR 

0D Read/Write Limit Field; Increment SAR 

0E Read/Write Attribute Field; Increment 

SAR 
OF Read/Write Descriptor; Increment SAR 

15 Set All CPU-Inhibit Attribute Flags 

16 Set All DMA-Inhibit Attribute Flags 
Three commands are used to read and write 

the control registers. 

Opcode (Hex) Instruction 

00 Read/Write Mode Register 

01 Read/Write Segment Address Register 
20 Read/Write Descriptor Selector Counter 

Register 

The Status Registers are read-only registers, 
although the Violation Type Register (VTR) 
can be reset. Nine instructions access these 
registers. 



de (Hex 


) Instruction 


02 


Read Violation Type Register 


03 


Read Violation Segment Number Register 


04 


Read Violation Offset (High-byte) Register 


05 


Read Bus Status Register 


06 


Read Instruction Segment Number 
Register 


07 


Read Instruction Offset (High-byte) 
Register 


11 


Reset Violation Type Register 


13 


Reset SWW Flag in VTR 


14 


Reset FATL Flag in VTR 
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MMU The Z8010 translates addresses and checks 

Timing for access violations by stepping through 

sequences of basic clock cycles corresponding 
to the cycle structure of the Z8001 CPU. The 
following timing diagrams show the relative 
timing relationships of MMU signals during the 
basic operations of memory read/write and 
MMU control commands. For exact timing 
information, refer to the composite timing 
diagram. 



Memory Read and Write. Memory read and 
instruction fetch cycles are identical, except 
for the status information on the ST0-ST3 
inputs. During a memory read cycle (Figure 9) 
the 7-bit segment number is input on SN0-SN6 
one clock period earlier than the address off- 
set; a High on DMASYNC during T3 indicates 
that the segment offset data is valid. The most 
significant eight bits of the address offset are 
placed on the AD0-AD15 inputs early in the 
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Figure 9. Memory Read Timing 
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MMU first clock period. Valid address offset data is 

Timing indicated by the rising edge of Address 

(Continued) Strobe. Status and mode information become 
valid early in the memory access cycle and 
remain stable throughout. The most significant 
16-bits of the address (physical memory loca- 
tion) remain valid until the end of T3. Segment 
Trap Request and Suppress are asserted in T2. 



Segment Trap Request remains Low until Seg- 
ment Trap Acknowledge is received. Suppress 
is asserted during the current machine cycle 
and terminates during T3. Suppress is 
repeatedly asserted during CPU instruction 
execution cycles until the current instruction 
has terminated. 
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Figure 10. Memory Write Timing 
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MMU MMU Command Cycle. During the command 

Timing cycle of the MMU (Figure 11), commands are 

(Continued) placed on the Address/Data lines during Ti. 
The Status lines indicate that a Special I/O 
instruction is in progress, and the Chip Select 
line enables the appropriate MMU for that 
command. Data to be written to a register in 
the MMU must be valid on the Address/Data 
lines late in T2. Data read from the MMU is 



placed on the Address/Data lines late in the 
TwA cycle. 

Input/Output and Refresh. Input/Output and 
Refresh operations are indicated by the status 
lines ST0-ST3. During these operations, the 
MMU refrains from any address translation or 
protection checking. The address lines A8-A23 
remain 3- stated. 
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Figure 11. I/O Command Timing 
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MMU Reset. The MMU can be reset by either hard 

Timing ware or software mechanisms. A hardware 

(Continued) reset occurs on the falling edge of the Reset 
signal; a software reset is performed by a 
Z8000 Special I/O command. A hardware reset 
clears the Mode Register, Violation Type 
Register and Descriptor Selection Counter. If 
the Chip Select line is Low, the Master Enable 
Flag in the Mode Register is set to 1 . All other 
registers are undefined. After reset, the 
AD8- AD 15 and A8-A23 lines are 3-stated. The 
SUP and SEGT open-drain outputs are not 
driven. If the Master Enable flag is not set dur- 
ing reset, the MMU does not respond to subse- 
quent addresses on its A/D lines. To enable an 
MMU after a hardware reset, an MMU com- 
mand must be used in conjunction with the 
Chip Select line. 

A software reset occurs when the Reset 
Violation Type Register command is issued. 
This command clears the Violation Type 
Register and returns the MMU to its initial 
state (as if no violations or warnings had 
occurred). Note that the hardware and software 
resets have different effects. 
Segment Trap and Acknowledge. The Z8010 
MMU generates a segment trap whenever it 
detects an access violation or a write into the 
lowest block of a segment with the DIRW flag 



set. In the case of an access violation, the 
MMU also activates Suppress. This Suppress 
signal can be used to inhibit memory writes. 
The Segment Trap remains Low until a Trap 
Acknowledge signal is received. If a violation 
occurs, Suppress is asserted for that cycle and 
all subsequent CPU cycles until the end of the 
instruction; intervening DMA cycles are not 
suppressed, however, unless they generate a 
violation. Violations detected during DMA 
cycles cause Suppress to be asserted during 
that cycle only, but no Trap Request is 
generated. 

When the MMU issues a Segment Trap 
Request it awaits a Segment Trap Acknowl- 
edge. Subsequent violations occurring before 
the Trap Acknowledge is received are still 
detected and handled appropriately. During 
the Segment Trap Acknowledge cycle, the 
MMU drives one of its Address/Data lines 
High; the particular line selected is a function 
of the identification field of the mode register. 
After the Segment Trap has been acknowl- 
edged by the Z8001/3 CPU, the Violation 
Status Register should be read via the Special 
I/O commands in order to determine the cause 
of the trap. The Trap Type Register should also 
be reset so that subsequent traps will be 
recorded correctly. 
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Figure 12. Segment Trap and Acknowledge Timing 
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Pin A8-A23. Address Bus (outputs, active High, 

Description 3-state). These address lines are the 16 most- 
significant bits of the physical memory 
location. 

AD8-AD15. Address/Data Bus (inputs/outputs, 
active High, 3-state). These multiplexed 
address and data lines are used both for com- 
mands and for logical addresses intended for 
translation. 

AS. Address Strobe (input, active Low). The 
rising edge of AS indicates that ADq-ADjs, 
ST0-ST3, R/W and N/S are valid. 

CLK. System Clock (input). CLK is the 5 V 
single-phase time-base input used for both the 
CPU and MMU. 

CS. Chip Select (input, active Low). This line 
selects an MMU for a control command. 

DMASYNC. DMA/Segment Number Syn- 
chronization Strobe (input, active High). A 
Low on this line indicates that the segment 
number lines are 3-state; a High indicates that 
the segment number is valid. It must always be 
High during CPU cycles. If a DMA device 
do es not use the MMU for address translation, 
the BUSACK signal from the CPU may be 
used as an input to DMASYNC. 

DS. Data Strobe (input, active Low). This line 
provides timing for the data transfer between 
the MMU and the Z8001/3 CPU. 

N/S. Normal/ System Mode (input, Low = 
System Mode). N/S indicates the Z8001/3 CPU 
or Z8016 DMA is in the Normal or System 
Mode. The signal can also be used to switch 
between MMUs during different phases of an 
instruction. 



Reserved. Do not connect. 



RESET. Reset (input, active Low). A Low on 
this line resets the MMU. 

R/W. Head/Write (input, Low = write). R/W 
indicates the Z8001/3 CPU or Z8016 DTC is 
reading from or writing to memory or the 
MMU. 



SEGT. Segment Trap Request (output, active 
Low, open dram). The MMU interrupts the 
Z8001/3 CPU with a Low on this line when the 
MMU detects an access violation or write 
warning. 

SNg-SNg. Segment Number (inputs, active 
High). The SN0-SN5 lines are used to address 
one of 64 segments in the MMU; SNq is used to 
selectively enable the MMU. 

ST0-ST3. Status (inputs, active High). These 
lines specify the Z8001/3 CPU status. 
ST3-ST0 Definition 

Internal operation 

1 Memory refresh 

10 I/O reference 

11 Special I/O reference (e.g., to an MMU) 

10 Segment trap acknowledge 

10 1 Nonmaskable interrupt acknowledge 

110 Nonvectored interrupt acknowledge 

111 Vectored interrupt acknowledge 

10 Data memory request 

10 1 Stack memory request 

10 10 Data memory request (EPU) 

10 11 Stack memory request (EPU) 

110 Instruction space access 

110 1 Instruction fetch, first word 

1110 Extension processor transfer 

1111 Bus Lock, Data Memory Request (Z8003 only) 

SUP . Suppress (output, active Low, open 
drain). This signal is asserted during the cur- 
rent bus cycle when any access violation 
except write warning occurs. 
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Figure 13. The MMU in a Z8001 System 
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2046-014 



AC Characteristics 




Z8010 
4 MHz 


Z8010 
6MHz| 


Z8010 
10 MHz 






No. Symbol 


Parameter 


Min 


Max 


Min 


Max 


Min 


Max 


Notes* 




1 TcC 


Clock Cycle Time 


250 




165 




100 








2 TwCh 


Clock Width (High) 


105 




70 




40 








3 TwCl 


Clock Width (Low) 


105 




70 




40 








4 TfC 


Clock Fall Time 




20 




10 




10 






5 TrC - - 


- Cluck Rise Tune 




■" 20 




15 




10 






6 TdDSA(RDv) 


DS i (Acknowledge) to Read Data 
Valid Delay 




100 




80 




60 


1 




7 TdDSA(RDf) 


DS 1 (Acknowledge) to Read Data 
Float Delay 




75 




60 




45 


1 




8 TdDSR(RDv) 


DS I (Read) to AD Output Driven Delay 




100 




80 




60 


1 




9 TdDSR(RDf) 
10— TdC(WDv) 


DS t (Read) to Read Data Float Delay 




75 


60 


60 




45 


1 




— ULJs. I lo Wnle Da la Valid Delay 




125 




ou ' 




ou 






11 ThC(WDn) 


CLK 1 to Write Data Not Valid 
Hold Time 


30 




20 




10 








12 TwAS 


Address Strobe Width 


60 




50 




30 






M 


13 TsOFF(AS) 


Offset Valid to AS' I Setup Time 


45 




35 




20 






9 


14 ThAS(OFFn) 


AS 1 to Offset Not Valid Hold Time 


60 




40 




20 








l-i 


10 luAo(UJ 


Ao I to L/LJs. T Delay ■ — 


110 




yu — 




ou — 






O 


16 TdDS(AS) 

17 TdAS(DS) 


DS t to AS i Delay 
AS 1 to DS i Delay 


50 
50 




30 
40 




15 
30 






3 
3 


18 TsSN(C) 


SN Data Valid to CLK t Setup Time 


100 




40 




30 






19 ThC(SNn) 


CLK t to SN Data not Valid Hold Time 



















20— TdDMAS(C) — 




















JJMAoi JNIU Valid lo ULK T Delay ■■ 


lAJ m 




oU 




ou ■ 








21 TdSTNR(AS) 


Status (ST -ST 3/ N/S, R/W) Valid to 
AS 1 Delay 


50 




30 




10 








22 TdC(DMA) 


CLK t to DMASYNC 1 Delay 


20 




15 




10 








23 TdST(C) 


Status (ST -ST 3 ) Valid to CLK t Delay 


100 




60 




30 








24 TdDS(STn) 


DS t to Status Not Valid Delay 





















25 — TdOFF(Av) 
















1 




iDilsel Valid lo Address vJuLpul 




' "I/O 




yu 










Valid Delay 


















26 TdST(Ad) 


Status Valid to Address Output 
Driven Delay 




155 




75 




45 


1 




27 TdDS(Af) 


DS t to Address Output Float Delay 




160 




130 




100 


1 




28 TdAS(Ad) 


AS J to Addres Output Driven Delay 




145 




70 




40 


1 




29 TdC(Av) 

30 — TdAS(SEGT) — 


CLK t to Address Output Valid Delay 




255 




155 




100 


1 




" Ao 1 Lo olLQsrl I Delay 




160 " 




1 00 




' ou 


1 ,2 




31 TdC(SEGT> 


CLK ! to SEGT 1 Delay 




300 




200 




100 


1,2 




32 TdAS(SUP) 


AS t to SUP 1 Delay 




150 




90 




55 


1,2 




33 TdDS(SUP 


DS t to SUP I Delay 




155 




100 




60 


1,2 




34 TsCS(AS) 


Chip Select Input Valid to AS t Setup 
Time 


10 




10 




10 








35 — ThAS(CSn) 




















- Ao 1 to Ulnp beiecl Input JNol Valid — 


ou — 




4U " 




zU 






Hold Time 


















36 TdAS(C) 


AS t to CLK t Delay 


10 

150 




10 

100 




10 

60 








37 TsCS(RST) 


Chip Select Input Valid to RESET t 






Setup Time 


















38 ThRST(CSn) 


RESET t to Chip Select Input Not 
Valid Hold Time 





















39 TwRST 


RESET Width (Low) 


2TcC 




2TcC 




2TcC 








4U IaU(l(Dv) 


ULk 1 Lo nedd Data Valid Delay 




460"'"" 




oUU 




1 yu 






41 TdDS(C) 


DS t to CLK t Delay 


30 




20 




10 








42 TdC(DS) 


CLK I to DS I Delay 





















NOTES: 




















1. 50 pf Load. 

2. 2.2K Pull-up. 






Timing measurements are made at the following voltages 

High Low 
Clock 4.0 V 8V 






T All 6 MHz timings are preliminary. 




Output 




2.0 V 




08 V 






* Units m nanoseconds (ns 


1). 




Input 




20 V 




08V 







573 



Absolute Voltages on all pins with respect 

Maximum to GND -0.3V to +7.0V 

Ratings Operating Ambient 

Temperature See Ordering Information 

Storage Temperature - 65 °C to + 150°C 



Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



Standard The DC characteristics and capacitance sec- 

Test tion below apply for the following standard test 

Conditions conditions, unless otherwise noted. All voltages 

are referenced to GND. Positive current flows 

into the referenced pin. 

Standard conditions are as follows: 



■ GND = V 

■ 0°C < T A < +70°C 

The Ordering Information section lists temper- 
ature ranges and product numbers. Package 



drawings are in the Package Information section 
in this book. Refer to the Literature List for addi- 
tional documentation. 




DC 

Character- 
istics 



Symbol 


Parameter 


Min 


Max 


Unit 


Condition 


V C H 


Clock Input High Voltage 


Vcc-0.4 


Vcc + 0.3 


V 


Driven by External Clock Generator 


V C L 


Clock Input Low Voltage 


-0.3 


0.45 


V 


Driven by External Clock Generator 


Vffl 


Input High Voltage 


2.0 


Vcc + 0.3 


V 




ViL 


Input Low Voltage 


-0.3 


0.8 


V 




VOH 


Output High Voltage 


2.4 




V 


lOH = -250 ^A 


Vol 


Output Low Voltage 




0.4 


V 


Iql = +2.0 mA 


IlL 


Input Leakage 




±10 


HA 


0.4 < Vi N < +2.4V 


lOL 


Output Leakage 




±10 


Ilk 


0.4 < V IN < + 2.4V 


ice 


Vqc Supply Current 




300 


mA 





NOTE: The on-chip back-bias voltage generator takes approximately 20 ms to pump the back-bias voltage to -2 5 V after the power has 
been turned on The performance of the Z8010 Z-MMU is not guaranteed during this period. 
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ORDERING INFORMATION 

Z8010MMU,4.0MHz 
48-pin DIP 68-pin LCC 

Z8010PS Z8010LL*t 

Z8010CS 

Z8010CEt 

Z8010AMMU,6.0MHz 
48-pin DIP 68-pin LCC 

Z8010APS Z8010ALL*t 

Z8010ACS 



Z8010BMMU, 10.0 MHz 
48-pin DIP 68-pin LCC 

Z8010BPS Z8010BLL*t 

Z8010BCS 



Codes 

First letter is for package; second letter is for temperature. 

C = Ceramic DIP 
P = Plastic DIP 
L = Ceramic LCC 
V = Plastic PCC 



M 

00 

o 
© 

3 
3 

a 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 



TEMPERATURE 
S = 0°Cto +70°C 
E = -40°Cto+85°C 
M*= -55°Cto +125°C 
L*= -55°Cto +110°C 



FLOW 

B = 883 Class B 



Example: PS is a plastic DIP, 0°C to + 70°C. 

t Available soon 

* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 
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Z8015Z8000 PMMU 
Paged Memory 
Management Unit 



Product 
Specification 



April 1985 



FEATURES 

■ PMMU architecture supports multiprogramming 
systems and virtual memory implementations. 

■ Dynamic page relocation makes software addresses 
independent of physical memory addresses. 

■ Sophisticated memory management features include 
access validation that protects memory areas from 
unauthorized or unintentional access, and a write- 
warning indicator that predicts stack overflow. 



64 pages, each 2048 bytes in length, can be mapped 
into a total physical address space of 16 megabytes; all 
64 pages are randomly accessible. 

Pages larger or smaller than 2048 bytes can be easily 
implemented. 

The number of accessible pages can be increased by 
using multiple PMMUs. 



N 

00 

o 
ui 

3 
3 

e 



GENERAL DESCRIPTION 



The Z8015 Paged Memory Management Unit (PMMU), a 
new member of Zilog's Z8000 Family, is designed to support 
a paged virtual memory system for the Z8003 Virtual 
Memory Processor Unit (VMPU). Although designed 
primarily for the Z8003, the PMMU can also be used to 
support other CPUs in the Z8000 Family. The sophisticated 
memory management features of the PMMU include 
access validation for memory protection, a write-warning 



that gives advance warning of possible stack overflow, and 
the generation of instruction aborts for accesses to pages 
not in main memory. Each PMMU can manage a basic 
memory area of sixty-four 2048-byte, fixed-size pages. The 
VMPU's 8M byte logical address space is translated by the 
PMMU into a 16M byte physical address space. Page size 
can be easily changed and multiple PMMUs can be 
combined to support more pages. 



FUNCTIONAL DESCRIPTION 

The Z8015 Paged Memory Management Unit (PMMU) 
manages the 8M byte addressing spaces of the Z8003 
VMPU. The PMMU provides dynamic page relocation as 
well as numerous memory protection features. 

Dynamic page relocation makes user software addresses 
independent of the physical memory addresses, thereby 
freeing the user from specifying where information is 
located in the physical memory. It also provides a flexible, 
efficient method for supporting multiprogramming systems. 

The PMMU uses a content-addressable translation table to 
transform each 23-bit logical address output from the VM PU 
into a 24-bit address for the physical memory. (Only logical 
memory addresses go to a PMMU for translation; I/O 
addresses and data bypass this component.) The 
translation table consists of 64 page descriptors; each 
descriptor contains address translation, status, and access 
information for one memory page. Each PMMU can then 



manage up to 64 pages of memory. 

Multiple PMMUs can be used to support more than 64 
pages within a given address space. In addition, PMMUs 
can be used to accommodate separate translation tables for 
System and Normal operating modes. 

The PMMU is designed to support a memory page 2048 
bytes in length. This basic page length can be increased or 
decreased using a minimal amount of external circuitry. 

The PMMU is specially designed to operate with a Z8003 
VMPU to implement a paged virtual memory system. If the 
current PMMU instruction addresses a page not in main 
memory (a page fault), the PMMU initiates an Instruction 
Abort operation in the VMPU. During an abort, the PMMU 
aborts the execution of the current instruction, then saves 
the information needed to restart the aborted instruction. On 
completion of the abort, the PMMU initiates a trap in the 
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VMPU to a routine that brings the addressed page into main 
memory, updates the descriptor table of the PMMU to allow 
address translation to the new page, and restarts the 
execution of the interrupted instruction. 

The logical address that caused the page fault is available in 
three violation address registers of the PMMU. This 
information can be used to fetch the required instruction or 
data page into main memory and/or to create a page 
descriptor entry so that the executing program can access 
those instructions or data. The logical address of the 
instruction generating the page fault is available in three 
instruction address registers of the PMMU. This information 
can be used to reset the Program Counter to restart the 
instruction. The instruction to be restarted must also be 
examined to determine if adjustments must be made to any 
VMPU registers to ensure correct execution. Finally, the 
Read/Write Data Count register can be accessed so that 
certain instructions, such as Load Multiple, can be restarted 
correctly. 

As an aid in implementing efficient paging algorithms, the 
PMMU provides Changed and Referenced flags for each 
page descriptor register. The Changed flag indicates that a 
page has been altered and hence must be copied to 
secondary storage before that physical memory can be 
overwritten by another page. The Referenced flag can be 
used to determine which pages have not been accessed by 
an executing program— these are the pages that should first 
be removed from memory when room must be made to 
bring another page into memory. 

PMMU memory protection features safeguard memory 



areas from unauthorized or unintended access by 
associating special access restrictions with each page. A 
page is assigned a number of attributes when its descriptor 
is initially entered into the PMMU. When a memory reference 
is made, these attributes are checked against the status 
information supplied by the VMPU. If a mismatch occurs, 
the instruction is aborted, a Trap Request signal is 
generated, and the VMPU is interrupted. The VMPU then 
checks the status registers of the PMMU to determine the 
cause of the abort. 

Pages are protected by modes of permitted use, such as 
read only, system only, and execute only. A Valid flag 
indicates whether or not a descriptor has been initialized. 
Other page management features include a Write Warning 
flag useful for stack operations. 

The PMMU is controlled by 20 Special I/O instructions, 
which can be issued from the VMPU in System mode only. 
With these instructions, system software can assign 
program pages to arbitrary memory locations, restrict the 
use of pages, and monitor whether pages have been read 
or written. 

The PMMU has two operating modes: an Address 
Translation mode in which addresses are translated 
automatically as they are received, and a Command mode, 
during which specific registers in the PMMU are accessed 
using Special I/O commands. Figure 1 shows two simplified 
block diagrams that illustrate the internal organization and 
data/signal flow within the PMMU. The resources used in the 
Translation and the Command modes are shown, 
separately, in Figures 1 a and 1 b. 



SEGMENTED ADDRESSING AND 
ADDRESS TRANSLATION 



Compared with linear addressing, a segmented addressing 
space is closer to the way a programmer uses memory 
because each procedure and data set can reside in its own 
segment. 

The 23-bit addresses output by the VMPU divide an 8M byte 
addressing space into 128 segments of up to 64K bytes 
each. A 23-bit segmented address consists of a 7-bit 
segment number and a 16-bit offset used to address any 
byte relative to the beginning of the segment. The two parts 
of the segmented address (segment number and offset) can 
be manipulated separately. 

The PMMU divides physical memory into 2048-byte pages. 
Pages are assumed to be allocated in memory on 2048-byte 
boundaries so that the 1 1 low-order bits of the starting 
location of each page are always equal to zero. Segments in 



a virtual memory system can consist of pages that need not 
be in physical storage. Those segment pages in main 
memory need not be contiguous. Segments can have a 
variable number of pages. Certain pages can be 
designated so that writes into the last 1 28 bytes generate a 
warning trap without causing an instruction abort. If such a 
page is used as the last page of the system stack, the 
warning trap can be used to initiate the allocation of another 
page to the stack segment to prevent a stack overflow error. 

The addresses manipulated by the programmer, used by 
instructions, and output by the VMPU are called logical 
addresses. The PMMU translates logical addresses into the 
physical addresses required for accessing memory; this 
process is called relocation. 
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Figure 1a. Address Translation Mode PMMU Operating Modes, Simplified Flow Diagram 



The translation activity in the PMMU that provides address 
relocation is controlled by four internal control flags and six 
input lines. The four flags are: 

Master Enable (MSEN) Flag. This flag controls when the 
PMMU outputs physical addresses on its Address bus (A) 
lines. When this bit is clear, the A lines remain 3-stated and 
no checking is performed. 

Translate (TRNS) Flag. This flag determines whether the 
output on the A lines is the logical address as input (with 
most significant bit at 0) or a translated address. When 
translation is not performed, no checking is done. 

Multiple Page Table (MPT) Flag. This flag indicates 
whether separate PMMUs are to be used for System and 
Normal pages. 



Normal Mode Select (NMS) Flag. When the Multiple Page 
Table flag is set, this flag indicates whether the PMMU 
contains System or Normal page descriptors. 

The six input lines used in the control of the PMMU are: 

N/S Line. This line is used by the PMMU to distinguish 
System mode accesses from Normal mode accesses. 
When the Multiple Page Table flag is set, the N/S line acts as 
a chip-select mechanism. 

Chip Enable (CE) Line. This line acts as a master enable 
control line: it must be asserted for any address translation to 
occur or for any address to be output by the PMMU. 

Status Lines (ST0ST3). These four lines are used by the 
PMMU to determine the type of transaction in progress. 



579 



SNo-SNe 




— AD11-AD15 



^^^ "ii»™ N I u TR/ 



ABORT SUP 



A8-A23 



Figure 1b. Command Mode PMMU Operating Modes, Simplified Flow Diagram 



Access violation checking, write warning checking, and 
page fault monitoring functions occur only when the PMMU 
is enabled for address translation. For example, if Chip 
Enable is not asserted, the PMMU does not generate an 
Abort Request even if none of its descriptors match the 
logical address. 

The address translation process is transparent to user 
software; a simplified flow diagram of this process is shown 
in Figure 2. A content-addressable translation table in the 
PMMU compares the 7-bit segment number and five 



most-significant bits of the offset with the logical address 
field of each descriptor. If a match occurs and that 
descriptor's Valid flag is set, the physical address field of that 
descriptor is accessed. The 1 1 -bit logical address within the 
page is concatenated to this 1 3-bit physical base address to 
obtain the actual physical memory location. Because the 
base address of a page always has the low-order 1 1 bits 
equal to zero, only the high-order 13 bits are stored in the 
PMMU and used in the translation. The PMMU outputs the 
1 6 most significant bits of the translated address. 
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MEMORY PROTECTION 

Each memory page is assigned several attributes that are 
used to provide memory access protection. A memory 
request from the VMPU is accompanied by status 
information that indicates the attributes of the memory 
request. The PMMU compares the memory request 
attributes with the page attributes and generates Instruction 
Abort Request, Suppress, and Trap Request signals 
whenever it detects an attribute violation. 

An Abort Request is used to generate the Abort and Wait 
inputs to the VMPU that cause the current instruction to be 
aborted. The Suppress input is used by the VMPU to inhibit 
stores into the memory and thus protect the contents of the 
memory from erroneous changes. A Trap Request informs 
the VMPU and the system control program of the violation 
so that appropriate action can be taken for recovery. 

Three attributes: read only, execute only, and system access 
only, can be associated with each page. When an 
attempted access violates any one of the page attributes, 
Abort Request, Trap Request, and Suppress signals are 
generated by the PMMU. 

Each descriptor register has a Valid flag in the attribute field. 
When set to 1 , this flag indicates that the descriptor contains 



valid translation information and its logical address field is to 
be used in the associative match process. If Chip Enable is 
asserted and no match is found, the PMMU, if enabled, 
generates Abort Request, Trap Request, and Suppress 
signals. The PMMU is enabled under either of the following 
conditions: the MSEN and TRNS flags are both 1 and the 
MPT flag is 0; or the MSEN and TRNS flags are both 1 , the 
MPT flag is 1 , and both input N/S and the NMS flag have the 
same value. 

Normally, the legal range of offsets within a segment goes 
from to 65,535 bytes. A stack segment, however, has legal 
word offsets ranging downward from 65,534 to bytes; the 
stack manipulation instructions cause stacks to grow toward 
lower memory locations. When a stack grows to the limit of 
its allocated segment, additional memory can be added to 
the segment. As an aid in maintaining stacks, the PMMU 
detects when a write is performed to the lowest-allocated 
128 bytes of a stack page and generates a Trap Request if 
the DIRW attribute flag is set in the page descriptor. Since 
neither a Suppress nor Abort Request signal is generated, 
the write is allowed to proceed. This write warning can then 
be used to indicate that more memory (that is, another page) 
needs to be allocated to the segment. 
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PMMU REGISTER ORGANIZATSON 



The PMMU contains a set of 64 page descriptor registers 
that supply the information needed to map logical memory 
addresses to physical memory locations. The PMMU also 
contains three 8-bit control registers for programming the 
PMMU, and nine 8-bit status registers to record information 
in the event of an access violation. 

Page Descriptor Registers 

The segment number and five most-significant bits of a 
logical address determine, by associative lookup, which 
page descriptor register is used in address translation. Each 
register also contains the necessary information to enable 
checking to ensure that the type of reference made is 
permitted. An indication that the segment has been 
previously read or written is also contained in the register. 

Each of the 64 page descriptor registers contains a 12-bit 
logical address field, a 13-bit physical address field, and a 
7-bit attribute field (Figure 3). 



I SEGMENT 
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Figure 3. Page Descriptor Register Format 

The logical address field is used during the associative 
search phase of address translation; a match of this field 
with the most-significant bits of the logical address indicates 
that the descriptor is to be used during physical address 
generation. The physical address field supplies the 
most-significant bits of the generated physical address. 

The attribute field contains seven flags (Figure 4). Three 
flags protect the page against certain types of access, one 
indicates the special structure of the page, and two encode 
the types of accesses that have been made to the page. The 
seventh flag is used to indicate whether or not the 
information in the descriptor is valid. A flag is set when its 
value is 1 . During a write to only the attribute field, bit 7 of the 
byte is ignored. When an attribute field is read, bit 7 is 
undefined. When an entire descriptor is accessed, bit 7 will 
be part of the physical address field. The following 
descriptions explain how these flags are used. 

Valid (VALID). When this flag is set, the descriptor contains 
valid page information for the currently executing process. 
When this bit is clear, the logical address generated by the 
VMPU is not compared against the contents of the logical 
address field, so the descriptor is not used for address 
translation. Only descriptors that have this flag set are used 
during the associative search. 
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Read-Only (RD). When this flag is set, the page is read-only 
and is protected against any write access. 

System-Only (SYS). When this flag is set, the page can be 
accessed only in System mode, and is protected against 
any access in Normal mode. 

Execute-Only (EXC). When this flag is set, the page can be 
accessed only during an Instruction Fetch cycle and is thus 
protected against access during other cycles. 

Direction and Warning (DIRW). When this flag is set, the 
page's memory locations are considered to be organized in 
descending order and each write to the page is checked for 
access to the lowest 1 28 bytes. Such an access generates a 
Trap Request signal to warn of potential stack overflow, but 
neither an Abort Request nor a Suppress signal is 
generated. 

Changed (CHG). When this flag is set, the page has been 
changed (written into). This bit is set automatically during 
any write access to this page if the write access does not 
cause a violation. 

Referenced (REF). When this flag is set, the page has been 
referenced (either read or written). This bit is set 
automatically during any access to the page if the access 
does not cause a violation. 

The byte format that is required to write into or read from an 
attribute field is shown in Figure 5. 
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Figure 4. Attribute Field of Page Descriptor Register 



Figure 5. Format of Byte for Reading or Writing 
a Descriptor's Attribute 

Control Registers 

The three user-accessible, 8-bit control registers in the 
PMMU direct the functioning of the PMMU (Figure 6). The 
Mode register provides a sophisticated method for 
selectively enabling PMMUs in multiple-PMMU 
configurations. The Descriptor Address (DAR) register 
selects the particular page descriptor register to be 
accessed during a control operation. The Descriptor 
Selection Count (DSC) register points to the byte in the Page 
Descriptor register to be accessed during a control 
operation. 
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Figure 6. Control Registers 
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Mode Register 

The Mode register contains a 3-bit identification (ID) field 
that can distinguish up to eight enabled PMMUs in a 
multiple-PMMU configuration. This field is used during the 
Trap Request acknowledge sequence. In addition, the 
Mode register contains the following four flags: 

Multiple Page Table (MPT). This flag indicates whether 
more than one page table is present in the hardware 
configuration. When this flag is set, more than one table is 
present and the N/S line is used to determine whether the 
PMMU contains the appropriate table. 

Normal Mode Select (NMS). This flag indicates whether 
the PMMU is to translate addresses when the N/S line is 
High or Low. If the MPT flag is set, the N/S line must match 
the NMS flag for the PMMU to translate addresses; 
otherwise, the PMMU address lines remain 3-stated. 

Translate (TRNS). This flag indicates whether the PMMU is 
to translate logical program addresses to physical memory 
locations or is to pass the logical addresses unchanged to 
the memory without protection checking. In the 
Non-Translation mode, the most-significant output byte is 
the 7-bit segment number and the most-significant bit is 0. 
When TRNS is set, the PMMU performs address translation 
and attribute checking. 

Master Enable (MSEN). This flag enables or disables the 
PMMU from performing its address translation and memory 
protection functions. When this flag is set, the PMMU 
performs these tasks; when the flag is clear the address lines 
of the PMMU remain 3-stated. 



Status Registers 

The following nine 8-bit status registers contain information 
useful in recovering from memory access violations 
(Figure 7): 



I FATL I SWW I PWW I EXCV I PGFT I I SYSV I RDV I 



c 



SEGMENT NUMBER 







] 



r 


UPPER OFFSET BYTE 




7 


1 


LOWER OFFSET BYTE 




6 


r i 


1 SEGMENT NUMBER 




7 


1 


UPPER OFFSET BYTE 




7 


|_ 


LOWER OFFSET BYTE 


I 


7 


6 3 




LZ 


1 N/S 1 R/W 1 CPU STATUS 


1 



TRAP 
TYPE 



VIOLATION 
ADDRESS 



INSTRUCTION 
ADDRESS 



BUS CYCLE 
STATUS 



READ/WRITE 
DATA COUNT 



N 

§ 

ui 

■d 
3 
3 
es 



Figure 7. Status Registers 



Descriptor Address Register (DAR) 

This register points to one of the 64 page descriptor 
registers. Control commands to the PMMU that access 
page descriptors implicitly use this pointer to select one of 
the page descriptor registers. The DAR has auto- 
incrementing capability so that multiple descriptors can be 
accessed in a block read/write fashion. 

Descriptor Selection Count (DSC) Register 

This register holds a 2-bit counter that indicates which byte 
in the descriptor is being accessed during Read or Write 
operations. A zero in this counter indicates that the 
highest-order byte of the descriptor is to be accessed 
(most-significant byte of the logical address field), a one 
indicates the next byte of the descriptor, a two indicates the 
third byte, and a three indicates the least-significant byte 
(containing the attribute field). 



Trap Type Register. This register describes the conditions 
that generate a Trap Request signal. 

Violation Segment Number and Violation Offset 
Registers. These three registers record the logical address 
that caused a Trap Request. 

Instruction Address Registers. These three registers 
record the logical address of the last instruction fetched 
before the first warning, access violation, or page fault. 

Bus Cycle Status Register. This register records the bus 
cycle status (status code, Read/Write operation and 
Normal/System mode). 

Read/Write Data Count Register. This register contains a 
4-bit counter that counts the number of read and write data 
transactions whose addresses have been translated by the 
PMMU since the last instruction fetch cycle. This count is 
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locked when an Abort Request is generated, and indicates 
the number of successful data transactions performed by 
the aborted instruction. 

Violation Type Register (VTR) Flags 

The VTR is used by the PMMU to determine the cause of a 
Trap Request. The PMMU generates a Trap Request when: 
it detects an access violation, such as an attempt to write into 
a read-only page; it detects a warning condition, which is a 
write into the lowest 1 28 bytes of a page with the DIRW flag 
set; or no entry matches the logical address (a page fault). 
The following seven flags are contained by the Violation 
Type register (VTR): 

Read-only Violation (RDV). This flag is set when the 
VMPU attempts 1to access a read-only page and the R/W 
line is Low. 

System Violation (SYSV). This flag is set when the VMPU 
accesses a system-only page and the N/S line is High. 

Execute-Only Violation (EXCV). This flag is set when the 
VMPU attempts to access an execute-only page other than 
during an instruction fetch cycle. 



Page Fault (PGFT). This flag is set when no logical address 
field of the valid descriptors in the PMMU matches the upper 
1 2 bits of the logical address. 

Primary Write Warning (PWW). This flag is set when an 
access is made to the lowest 1 28 bytes of a page with the 
DIRW flag set. 

Secondary Write Warning (SWW). This flag is set when the 
VMPU writes data into the last 1 28 bytes of the system stack 
and EXCV, SYSV, PGFT, RDV, or PWW is set. With SWW set, 
subsequent write warnings for accessing the system stack 
do not generate a Trap Request. 

Fatal Condition (FATL). This flag is set when any other flag 
in the Trap Type register is set and either a violation is 
detected or a write warning condition occurs in Normal 
mode. FATL is not set during a stack push in System mode 
that results in a warning condition. This flag indicates that a 
memory access error has occurred in the trap processing 
routine. Once set, no Trap Request or Abort Request signals 
are generated on subsequent violations. However, as long 
as the PMMU is enabled, Suppress signals are generated 
on this and subsequent VMPU violations until the FATL flag 
is reset. 



ABORT, TRAP REQUEST, AND 
ACKNOWLEDGE 



The PM MU generates a four-clock-cycle Abort Request 
(ABORT) when it detects a n access vio lation or a page fault. 
This signal on the ABORT (pin 33) and WAIT (pin 28) inputs 
of the VMPU inserts a five-cycle abort sequence that causes 
the VMPU to terminate instruction execution. A Trap 
Request is generated when the PMMU detects an access 
violation, page fault, or write warning. This signal on the 
translation trap line of the VMPU (SAT, pin 14) causes the 
VMPU to generate a trap acknowledge after the instruction 
abortion (for an access violation or page fault) or after the 
execution of the instruction (for a write warning). In the case 
of an access violati on o r page fault, the PMMU also 
activates Suppress (SUP), which can be used by the 
memory to inhibit memory writes. 

Trap Request remains Low until a trap acknowledge is 
received (status = 0100). If a VMPU-generated violation 
occurs, Suppress is asserted for that memory reference. (If a 
Z8001 or Z8002 CPU generates the violation, any 
subsequent CPU memory reference also causes Suppress 
to be asserted until the end of the instruction.) Intervening 
DMA accesses are not suppressed, however, unless they 
generate a violation. Violations detected during DMA 
accesses cause Suppress to be asserted for that access 
only; no Trap or Abort Requests are generated during DMA 
accesses. 

Trap Requests to the VMPU are handled -similarly to 
interrupts. To service a PMMU trap, the VMPU issues a trap 
acknowledge. The acknowledge is usually preceded by a 
dummy instruction fetch that is not used by the VMPU (the 
PMMU has been designed to ignore this dummy fetch). 
During the identifier fetch of the acknowledge cycle, all 



enabled PMMUs use the Address/Data (AD) lines to 
indicate their status. A PMMU that has generated a Trap 
Request outputs a 1 on the AD line associated with the 
number in its ID field; a PMMU that has not generated a trap 
request outputs a on its associated AD line. AD lines with 
no associated PMMU remain 3-stated. During a trap 
acknowledge, a PMMU uses AD line 8 + i if its ID field is i. 

Following the Acknowledge cycle, the VMPU automatically 
pushes the program status onto the system stack and loads 
another program status from the trap vector at location 20h 
in the program status area. The PMMU's trap line is reset 
during the trap acknowledge. Suppress is not generated 
during the stack push. If the push operation creates a write 
warning condition, a Trap Request is generated and 
serviced at the end of the context swap. The SWW flag is 
also set. Servicing this second Trap Request also creates a 
write warning condition, but because the SWW flag is set, no 
Trap Request is generated. If a violation or page fault rather 
than a write warning occurs during the context swap, the 
FATL flag is set rather than the SWW flag. Subsequent 
violations or faults cause Suppress but not Trap Request to 
be asserted. Without the SWW and FATL flags, trap 
processing routines that generate memory violations or 
faults would repeatedly be interrupted and called to process 
the trap they created. 

The VMPU routine to process a Trap Request should first 
check the FATL flag to determine if a fatal system error has 
occurred. If not, the SWW flag should be checked to 
determine if more memory is required for the system stack. 
Finally, the trap itself should be processed and the Trap Type 
register reset. 
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MULTIPLE PMMUs 



Although only one PMMU should be actively translating 
addresses at a given time, PMMU architecture directly 
supports various methods for multiple PMMU 
configurations. The following four examples illustrate 
different ways that PMMUs can be used to implement 
memory management systems capable of handling more 
than 64 pages. 

Example 1. The first approach extends the capability of one 
PMMU for handling 64 pages to a multiple-PMMU 
configuration that manages more than 64 pages. The Chip 
Enable line is used to select a particular PM M U to translate a 
page address. For example, if one PMMU is assigned only 
pages for logical addresses whose bit number 11 is a and 
another PMMU is assigned those whose bit number 1 1 is a 
1 , then the state of output line AD-i 1 can be used to select the 
appropriate PMMU to translate a logical address. 

Example 2. Another way of using Chip Enable separates 
program pages from data pages. One PMMU is associated 



with translating addresses generated during instruction 
fetches (status codes 1100 and 1101) and the other with 
addresses generated during data fetches (status codes 
1000, 1001, 1010, 1011, and 1111). Chip Enable for each 
PMMU is obtained from the status code (i.e., status lines 
ST0-ST3). 

Example 3. Several PMMUs can be used to implement 
multiple translation tables. Multiple tables reduce the time 
required to switch tasks by assigning separate tables to 
each task. Multiple translation tables for multitask 
environments can use the Master Enable flag to enable the 
appropriate PMMUs through software. 

Example 4. A final method uses two translation tables to 
separate system from normal memory. The MPT and NMS 
flags injhe Mode register can be used in conjunction with 
the N/S line to select the PMMU that contains the 
appropriate table. 
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CHANGING PAGE SIZE 

The PMMU directly supports pages of 2048 bytes in length. 
However, the addition of external circuitry enables the 
PMMU to support systems with larger or smaller pages. The 
following examples illustrate the technique for changing the 
supported page size. 

Example 1. To implement 4096-byte pages, address bit 
AD-11 is not used in the translation process but is used 
directly as the most significant bit of the address location 
within a selected 4096-byte page. This can be achieved by 
doing the following: (1 ) set the AD! 1 input to be equal to the 
logical OR of the ST 3 and AD^ 1 output lines of the VM PU, (2) 
require that the least significant bit in the logical address field 



of each descriptor register be set to 1 , and (3) use the logical 
address bit AD-n output by the VMPU instead of the 
physical address A1 1 output by the PMMU. The AD-| -| input 
must be 1 during address translation but must equal the 
AD-11 output by the CPU during command cycles to the 
PMMU; ST 3 is used to distinguish the two types of 
transactions. 

Example 2. To implement 1024-byte pages an additional 
ad_dress bit must be translated. Two PMMUs are used. The 
CE input is driven by AD-| for one PMMU and its 
complement, AD10, for the other. 



DMA OPERATION 



At the start of a DMA cycle, DMASYNC must go Low 
whether or not the PMMU is used to translate DMA 
addresses, to indicate the beginning of a DMA cycle. When 
DMASYNC has been Low for two cycles, the PMMU 
assumes that a DMA device has control of the bus. A Low on 
DMASYNC inhibits the PMMU from using an indeterminate 
segment number on lines SN -SN 6 . When the DMA logical 
memory address is valid, the DMASYNC line must be High 
on a rising edge of the clock and then be Low by the next 
falling clock edge. The PMMU then performs its address 
translation and access protection functions during the clock 
period begun in this DMASYNC pulse. Upon the release of 
the bus at the termination of the DMA cycle, the DMASYNC 
line must go High. After two clock cycles of DMASYNC 
High, the PMMU assumes that the VMPU has control of the 
bus and that subsequent memory references are VMPU 
accesses. The first memory reference occurs at least two 



cycles after the VMPU regains control of the bus. During 
VMPU cycles, DMASYNC should remain High. Refer to the 
paragraph "Memory Read and Write" and Figure 8 for 
further information. 

Direct memory access (DMA) operations can occur 
between instruction cycles and can be handled through the 
PMMU. The PMMU permits DMA in either the System or 
Normal mode of operation. For each memory access, the 
page attributes are checked, and if a violation is detected, 
Suppress is activated. DMA violations generate a Suppress 
only on a per-memory-access basis. 

The DMA device should note the Suppress signal and 
record sufficient information to enable the system to recover 
from the access violation. Neither a Trap Request nor an 
Abort Request is ever generated during a DMA operation, 
therefore warning conditions are not signaled. 
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PMMU COMMANDS 



The various registers in the PMMU can be read and written 
using VMPU Special I/O commands. The machine cycles of 
these commands cause the status lines to indicate that a 
special input/output operation is in progress. During these 
machine cycles, the PMMU enters the command mode. In 
this mode, the rising edge of AS indicates that a command is 
present on lines AD 8 -AD-| 5 . If this command indicates that 
data is to be written into one of the PMMU registers, the data 
is read from lines AD8-AD15 while DS is Low. If the 
command indicates that data is to be read from one of the 
PMMU registers, the data is placed on lines ADs-AD-js 
while DS is Low. 

There are five commands that read or write various fields in 
the page descriptor register. The status of the read/write line 
indicates whether the command is a read or a write. 

The autoincrementing feature of the Descriptor Address 
Register (DAR) can be used to block load page descriptors 
using the repeat forms of the Special I/O instructions. The 
DAR is autoincremented at the end of the field. The 
command accessing the entire page descriptor register 
references the fields in the order of logical address, physical 
address, and attribute; four bytes are written in succession. 

Table 1 gives the five commands that are used to write data 
into descriptor fields. 

Table 1 . Descriptor Field Write Commands 



Opcode 
(Hex) 



Instruction 



OA Read/Write Attri bute field 

OB Read/Write Descriptor (all fields) 

OE Read/Write Attribute field; increment DAR 

OF Read/Write Descriptor (all fields), increment DAR 

1 5 Reset all Valid Attribute flags 



Table 2 gives the three commands that are used to read and 
write the control registers. 

Table 2. Control Registers' Read/Write Commands 



Opcode 
(Hex) 



Instruction 



00 Read/Write Mode register 

01 Read/Write Descriptor Address register 

20 Read/Write Descriptor Selector Count register 

The status registers are read-only registers, although the 
Trap Type Register (TTR) can be reset. Twelve instructions, 
shown in Table 3, access these registers. 

Table 3. Status Registers' Access Instructions 



Opcode 
(Hex) 



Instruction 



02 Read Trap Type register 

03 Read Violation Segment Number register 

04 Read Violation Offset (high-byte) register 

05 Read Bus Status register 

06 Read Instruction Segment Number register 

07 Read Instruction Offset (high-byte) register 
1 1 Reset Trap Type register 

13 Reset SWW flag in VTR 

14 Reset FATL flag in VTR 

21 Read Violation Offset (low-byte) register 

22 Read Read/Write Data Counter register 

23 Read Instruction Offset (low-byte) register 



USE OF THE PMMU WITH OTHER 
Z8000 CPUs 



The PMMU is designed to operate in conjunction with the 
Z8003 VMPU; however, it can also be used with other CPUs 
in the Z8000 Family. The following examples suggest simple 
system configurations; more sophisticated arrangements 
are possible. 

The Z8004 VMPU generates nonsegmented 16-bit 
addresses only. The PMMU can be used to implement a 
paged virtual memory by tying the segment number inputs 
of the PMMU to and requiring the most significant seven 
bits of the logical address field to be 0. Since the Z8004 
VMPU lacks a translation trap request input pin, the 
nonmaskable (or other interrupt request) pin should be used 
instead. 

The PMMU extends the physical addressing capability of 
the Z8004 without using the segmentation mechanism of 
the Z8003. This use is similar to the way in which 16-bit 



minicomputers extend their addressing capability. 

The Z8001 and Z8002 CPUs do not support the instruction 
abort mechanism. A page fault for one of these CPUs is, in 
general, non-recoverable, since during an interrupt, the 
current instruction runs to completion, possibly overwriting 
CPU registers. For the nonsegmented Z8002, this means 
that all pages that the CPU can access must be in physical 
memory and appropriate information must be in the PMMU 
page descriptor registers. For the segmented Z8001, this 
means that programs must explicitly request segments 
before accessing them and must free segments after use. It 
also means that segments are allocated in units of the page 
size and that limit protection is performed with this 
granularity. Use of the PMMU with the Z8001 and Z8002 
CPUs permits a paged allocation of main memory and 
extends the physical address capability of the Z8002. 
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PMMU TIMING 



Reset 



The PMMU translates addresses and checks for access 
violations by stepping through sequences of basic clock 
cycles corresponding to the cycle structure of the VMPU. 
Timing diagrams that show the relative timing relationships 
of PMMU signals during the basic operations of memory 
read/write and PMMU control commands are given in this 
section. 

Memory Read and Write 

Memory read and instruction fetch cycles are identical, 
except for the status information on the ST -ST 3 inputs. 
During a memory read cycle (Figure 8), the 7-bit segment 
number is input on SNq-SN 6 one clock period before the 
address offset; a High on DMASYNC during T3 indicates 
that the segment offset data is valid. The address offsets are 
placed on the AD0-AD-15 inputs early in the first clock 
period. Valid address offset data is indicated by the rising 
edge of AS. Status, mode, and chip enable information 
becomes valid early in the memory access cycle and must 
remain stable throughout. The most significant 1 6 bits of the 
address (physical memory location) remain valid until the 
end of T3. Abort Request, Trap Request, and Suppress are 
asserted in T2 (Figure 9). Abort Request is asserted for four 
clock cycles. Trap Request remains Low until trap 
acknowledge (status = 0100) is received. Suppress is 
asserted during the current machine cycle and terminates 
during T3. 

PMMU Command Cycle 

During the command cycle of the PMMU (Figure 11), 
commands are placed on lines AD8-AD 15 during T1 . The 
status lines indicate that a Special I/O instruction is in 
progress, and the CS line enables the appropriate PMMU 
for that command. Data to be written to a register in the 
PMMU must be valid on lines AD 8 -AD-| 5 late in T2. Data 
read from the PMMU is placed on lines AD8-AD15 late in the 
Twa cycle. 

Input/Output and Refresh 

Input/output and refresh operations are indicated by codes 
on status lines ST0-ST3. During these operations, the 
PMMU refrains from any address translation or protection 
checking. Lines A8-A23 remain 3-stated during these 
operations. 



The PMMU can be reset by either hardware or software 
mechanisms. A hardware reset occurs on the falling edge of 
the Reset signal; a software reset is performed by a VMPU 
special I/O command. A hardware reset clears the Mode 
register, Trap Type Register, and Descriptor Selection Count 
register. If the CS line is Low, the Master Enable flag in the 
Mode register is set to 1 . All other registers are undefined. 
After rese t, lines A D -AD-| 5 and A 8 -A23 are 3-stated. The 
SUP and ABORT open-drain outputs are not driven. If the 
Master Enable flag is not set during reset, the PMMU does 
not respond to subsequent addresses on its AD lines. To 
enable a PMMU after a hardware reset, a PMMU command 
must be used in conjunction with CS 

A software reset occurs when the Reset Violation Type 
Register command is issued. This command clears the Trap 
Type Register and returns the PMMU to its initial state (as if 
no violations or warnings had occurred). Note that the 
hardware and software resets have different effects. 

Abort, Trap Request, and Acknowledge 

The PMMU generates a Trap Request whenever it fails to 
find a page entry corresponding to the logical address (that 
is, a page fault), detects an access violation, or detects a 
write into the lowest 1 28-byte block of a page with the DIRW 
flag set (Figure 12). In the case of an access violation or 
page fault, the PMMU also activates Suppress and Abort 
Request. The Suppress signal is used by memory to inhibit 
memory writes. The Trap Request remains Low until a trap 
acknowledge signal (status = 0100) is received. Violations 
detected during DMA cycles cause Suppress to be asserted 
during that cycle only, but no Trap Request is generated. 

When the PMMU issues a Trap Request, it awaits the 
indication of a trap acknowledge Subsequent violations 
occurring before the trap acknowledge indication is 
received are detected and appropriately processed. During 
a Trap Acknowledge cycle, the PMMU drives one of its 
Address/Data lines; the selection of the line is a function of 
the identification field of the Mode register. After the Trap 
Request has been acknowledged by the VMPU, the 
Violation Status register should be read by a special I/O 
command in order to determine the cause of the trap. The 
Trap Type register should be resei so thai subsequent traps 
are recorded correctly. 
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SIGNAL DESCRIPTIONS 



The Z8015 is produced in 64-pin and 68-pin packages; the 
functions performed by the device's input and/or output pins 
are shown in Figure 13. Pin/signal name assignments are 
shown in Figure 14. 

A 8 -A 2 3. Address Bus (outputs, active High, 3-state). These 
address lines are the 1 6 most significant bits of the physical 
memory location. 



ABORT. Abort Request (output, active Low, open drain). A 
Low on this line indicates MMU requests for an instruction 
abort. This line is enabled when a page fault or access 
violation is detected. 

AD -AD 15 . Address/Data Bus (inputs/outputs, active High, 
3-state). AD -AD 7 are used for addresses and inputs only. 
They carry the low-order byte in the offset of logical 
addresses intended for translation. AD8-AD15 are 
multiplexed address and data lines that are used both for the 
eight most significant bits of the logical address and for 
commands. 



AS. Address Strobe (input, active Low). The rising edge of 
ASJndicates that lines AD -AD 15 , ST -ST 3 , R/W, CE, and 
N/S are valid. 

CE. Chip Enable (input, active Low). This line selects a 
PMMU to translate a logical address. 

CLK. System Clock (input). CLK is a + 5V single-phase, 
time-base input used for both the VMPU and PMMU. 

CS. Chip Select (input, active Low). This line selects a 
PMMU for a control command. 

DMASYNC. DMA/Segment Number Synchronization 
Strobe (input, active High). A Low on this line indicates a 
DMA access is occurring; a High indicates the segment 
number is valid. It must be High during VMPU cycles and 
Low when SN lines are 3-stated. 

DS. Data Strobe (input, active Low). This line provides 
timing for the data transfer between the PMMU and the 
Z8003VMPU. 



592 



N/S. Normal/System Mode (input, Low = System mode). 
N/S indicates to the PMMU that the VMPU or DMA is in the 
Normal or System mode. 



Table 4. Status Lines 



RESET. Reset (input, active Low). A Low on this line resets 
the PMMU. 

R/W. Read/Write (input, Low = write). R/W indicates 
whether the VMPU is reading from or writing to either 
memory or the PMMU. 

SN -SN 6 . Segment Number (inputs, active High). These 
lines provide the 7-bit segment number of a logical address. 

ST -ST 3 . Status (inputs, active High). These lines (Table 4) 
specify the status of the associated VMPU. 

SUP. Suppress (output, active Low, open-drain). This signal 
is asserted during the current bus cycle when a page fault or 
any access violation, except write warning, occurs. 

TRAP. Trap Request (output, active Low, open-drain). The 
PMMU interrupts the VMPU with a Low on this line when the 
PMMU detects a page fault, access violation, or write 
warning. 
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Figure 13. Pin Functions 



Figure 14a. 64-pin Dual-ln-Line (DIP), 
Pin Assignments 
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AC CHARACTERISTICSt 









Min 


Max 




Number 


Symbol 


Parameters 


(4 MHz) 


(4 MHz) 


Notes 


1 


TcC 


Clock Cycle Time 


250 






2 


TwCh 


Clock Width (High) 


105 






3 


TwCI 


Clock Width (Low) 


105 






4 


TfC 


Clock Fall Time 




20 




5 


TrC 


Clock Rise Time 




20 




6 


TdDSA(RDv) 


DS 1 (Acknowledge) to Read Data Valid Delay 




100 


1 


7 


TdDSA(RDf) 


DS t (Acknowledge) to Read Data Float Delay 


20 


75 


1 


8 


TdDSR(RDv) 


DS I (Read) to AD Output Driven Delay 




100 


1 


9 


TdDSR(RDf) 


DS t (Read) to Read Data Float Delay 


20 


75 


1 


10 


TdC(WDv) 


CLK t to Write Data Valid Delay 




160 




11 


ThC(WDn) 


CLK 1 to Write Data Not Valid Hold Time 


30 






12 


TwAS 


Address Strobe Width 


60 






13 


TsOFF(AS) 


Offset Valid to AS t Setup Time 


45 






14 


ThAS(OFFn) 


AS t to Offset Not Valid Hold Time 


60 






15 


TdAS(C) 


AS 1 to CLK t Delay 


110 






16 


TdDS(AS) 


DSttoASIDelay 


50 






17 


TdAS(DS) 


ASttoDStDelay 


50 






18 


TsSN(C) 


SN Data Valid to CLK t Setup Time 


120 






NOTES: 

t All times given 

1 50 pf load 

2 2.2K pull-up 


n nanoseconds (ns). 
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AC CHARACTERISTICSt (Continued) 



Number Symbol 



Parameters 



Min 
(4 MHz) 



Max 
(4 MHz) 



Notes 



19 


ThC(SNn) 


CLK t to SN Data Not Valid Hold Time 











20 


TdDMAS(C) 


DMASYNC Valid to CLK t Delay 


120 








21 


TdSTNR(AS) 


Status (ST -ST 3 , N/S, R/W) Valid to AS t Delay 


60 








22 


TdC(DMA) 


CLK t Delay 


20 








23 


TdST(C) 


Status (ST -ST 3 ) Valid to CLK t Setup Time 


140 








24 


TdDS(STn) 


DS t to Status Not Valid Delay 











25 


TdOFF(Av) 


Offset Valid to Address Output Valid Delay 




200 






26 


TdST(Ad) 


Status Valid to Address Output Driven Delay 




180 






27 


TdDS(Af) 


DS t to Address Output Float Delay 


30 


160 




s 


28 


TdAS(Ad) 


AS I to Address Output Driven Delay 




170 







29 


TdC(Av) 


CLK 1 to Address Output Valid Delay 




155 




Ol 


30 


TdAS(TRAP) 


AS t to TRAP I Delay 




110 


1,2 


3 
3 


31 


TdC(TRAP) 


CLK t to TRAP t Delay 




300 


1,2 


32 


TdAS(SUP) 


AS t to SUP I Delay 




115 


1,2 


es 


33 


TdDS(SUP) 


DS t to SUP t Delay 


30 


155 


1,2 




34 


TsCS(AS) 


Chip Select Input Valid to AS t Setup Time 


10 








35 


ThAS(CSn) 


AS t to Chip Select Input Not Valid Hold Time 


80 








36 


TdAS(C) 


AS t to CLK t Delay 













TsCS(RST) 




150 








37 


Chip Select Input Valid to RESET t Setup Time 




38 


ThRST(CSn) 


RESET t to Chip Select Input Not Valid Hold Time 











39 


TwRSTI 


RESET Width (Low) 


2TcC 








40 


TdC(RDv) 


CLK t to Read Data Valid Delay 




460 






41 


TdDS(C) 


DS t to CLK t Delay 


30 








42 


TdC(DS) 


CLK I to DSt Delay 





110 








TdAS(ABORT) 






110 






43 


AS t to ABORT Delay 




44 


TdC(ABORT) 


CLK I to ABORT Delay 


30 


155 






45 


TdCE(Av) 


CE ^ to Address Output Valid Delay 




235 






46 


TsCE(AS) 


CE 1 to AS t Setup Time 











47 


ThAS(CEn) 


AS t to Chip Enable Input Not Valid Hold Time 


60 








NOTES 

t All times given 

1 50 pf load. 

2 2.2K pull-up. 


n nanoseconds (ns) 
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AC TIMING DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 



Voltages on all pins with respect 

toGND -0.3V to + 7.0V 

Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°Cto +150°C 

Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above those indicated in the 



operational sections of these specifications is not implied Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

The Ordering Information section lists package temperature 
ranges and product numbers. Package drawings are in the 
Package Information section. Refer to the Literature List for 
additional documentation. 



STANDARD TEST CONDITIONS 



The following dc characteristics apply for the given standard 
test conditions unless otherwise noted. All voltages are 
referenced to GND. Positive current flows into the 
referenced pin. 

Standard conditions are as follows: 

■ + 4.75V <V CC < + 5.25V 

■ GND = 0V 

■ 0°C<TA< +70°C 



The type of test circuit used is as follows: 



FROM OUTPUT , 
UNDER TEST * 



SOP- 4= <j)*ff 




M 

§ 

■0 

3 
3 
a 



DC CHARACTERISTICS 



Symbol 


Parameter 


Min 


Max 


Unit 


Condition 


V C H 


Clock Input High Voltage 


Vcc - 0.4 


V C C + 0.3 


V 


Driven by External Clock Generator 


V C L 


Clock Input Low Voltage 


-0.3 


0.45 


V 


Driven by External Clock Generator 


V|H 


Input High Voltage 


2.0 


Vcc + 0.3 


V 




V|L 


Input Low Voltage 


-0.3 


0.8 


V 




V H 


Output High Voltage 


2.4 




V 


lOH = -250juA 


Vol 


Output Low Voltage 




0.4 


V 


Iol = + 2.0mA 


IlL 


Input Leakage 




±10 


ma 


0.4<V| N < +2.4V 


lOL 


Output Leakage 




±10 


ma 


0.4<V| N < +2.4V 


'cc 


Vcc Supply Current 




300 


mA 
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ORDERING INFORMATION 



Z8015Z-PMMU,4.0MHz 
64-pin DIP 68-pin PCC 

Z8015CS Z8015VSf 

Z8015CE Z8015VEf 



Z8015AZ-PMMU,6.0MHz 
64-pin DIP 68-pin PCC 

Z8015ACS Z8015AVSf 

Z8015ACE Z8015AVEf 



Codes 

First letter is for package; second letter is for temperature. 

C = Ceramic DIP 

P = Plastic DIP 

L = Ceramic LCC 

V = Plastic PCC 



TEMPERATURE 
S = 0°Cto +70°C 
E = -40°Cto +85°C 
M*= -55°Cto +125°C 

Example- PS is a plastic DIP, 0°C to + 70°C. 



tAvailable soon 

* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 

FLOW 

B = 883 Class B 
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Z8000 Z8016Z-DTC 
Direct Memory Access 
Transfer Controller 



Zilog 



Product 
Specification 



April 1985 



FEATURES 

■ Memory-to-peripheral transfers up to 2.66M bytes per 
second at 4 MHz. 

■ Memory-to-memory transfers up to 1.33M bytes per 
second at 4 MHz. 

■ Two fully independent, multi-function channels. 

■ Masked data pattern matching for Search and 
Transfer-and-Search operations. 

■ Funneling option that permits mixing of byte and word 
data during transfer operations. 



Can operate in logical address space with Zilog 
Memory Management Units, providing an 8M byte 
logical addressing range and 16M byte physical ad- 
dressing range. 

Programmable chaining operation provides automatic 
loading of control parameters from memory into each 
channel. 

Software- or hardware-controlled Wait state insertion. 

Z-BUStm daisy-chain interrupt hierarchy and bus- 
request structure. 



01 

I 



GENERAL DESCRIPTION 

The Z8016 DMA Transfer Controller (DTC) is a high per- 
formance data transfer device designed to match the 
power and addressing capability of the Z8000 CPUs. In 
addition to providing block data transfer capability be- 
tween memory and peripherals, each of the two DTC 
channels can perform peripheral-to-peripheral and 
memory-to-memory transfers. A special Search mode of 
operation compares data read from memory or 
peripherals with the contents of a pattern register. A 
search can be performed concurrently with transfers or 
as an operation in itself. 

In all operations (Search, Transfer, and Transfer-and- 
Search), the DTC can operate in either Flowthrough or 
Flyby transfer mode. In the Flowthrough mode, data is 
stored temporarily within the DTC on its way from source 
to destination. In this mode transfers can be made be- 
tween a word-oriented memory and a byte-oriented 
peripheral through the bidirectional byte/word funneling 
option. In Flyby mode, data is transferred in a single step 
(from source to destination), thus providing twice the 
throughput. 

The Z8016 DTC takes full advantage of the Z8000 
memory management scheme by interfacing directly to 
the Z8010 Memory Management Unit (MMU) or the 
Z801 5 Paged Memory Management Unit (PMMU). In this 
configuration, 8M bytes of logical address range are pro- 
vided for each CPU address space. Alternatively, the 



Z8016 DTC can operate independently of an MMU, 
directly addressing up to 16M bytes of physical address 
space. 



In addition to providing a hardware WAIT input to accom- 
modate different memory or peripheral speeds, the 
Z8016 DTC allows the user to program the automatic in- 
sertion of either zero, one, two, or four Wait states for 
either source or destination addresses. Alternatively, the 
WAIT input pin function can be disabled and these 
software-programmed Wait states used exclusively. 

The Z8016 DTC minimizes CPU involvement by allowing 
each channel to load its control registers from memory 
automatically when a DMA operation is complete. By 
loading the address of the next block of control 
parameters as part of this operation, command chaining 
is accomplished. The only action required of the CPU is 
to load the address of the control parameter table into 
the channel's Chain Address register and then issue a 
Start Chain command. 

In some DMA applications, data is transferred con- 
tinuously between the same two locations. To service 
these repetitive DMA operations, base registers are pro- 
vided on each channel to reinitialize the current source 
and destination address registers. This re-initialization 
eliminates the need for reloading registers from memory 
tables. 
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The Z8016 DTC is directly Z-BUS compatible, and 
operates within the Z8000 daisy-chain vectored-priority 
interrupt scheme. The Demand Interleave operation 
allows the DTC to surrender the bus to the external 
system, or to alternate between internal channels. This 
capability allows for parallel operations between dual 
channels or between a DTC channel and the CPU. 

The DTC can be used to provide a central DMA function 



for the CPU or to provide dispersed DMA operations in 
conjunction with a wide variety of Z8000 Family 
peripheral controllers. 

The Z8016 DTC is packaged in a 48-pin DIP and uses a 
single +5V power supply. 

The Z8016 DTC pin functions and assignments are 
shown in Figures 1 and 2, respectively. 
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Figure 2. 48-pin Dual-ln-Line Package (DIP), 
Pin Assignments 



SIGNAL DESCRIPTIONS 



AD0-AD-15. Address/Data Bus (bidirectional, active 
High, 3-state) pins 5-20. These multiplexed Ad- 
dress/Data lines are used for all I/O and memory trans- 
actions. 

AS. Address Strobe (bidirectional, active Low, 3-state) 
pin 44. When the DTC is bus master the rising edge of A§ 
(while DS is High) indicates that addresses are valid. 
When the DTC is not bus master, the address lines are 
sampled on the rising edge of AS. There are no timing re- 
quirements between AS as an input and the DTC clock, 
because the Z-BUS does not use a bused clock. If AS 
and DS are simultaneously Low, the DTC will be reset. 



BAl. Bus Acknowledge In (input, active Low) pin 1. 
Signals that the bus has been released for DTC control. 
In multiple-DTC configurations, the BAl pin of the 
highest-priority DTC is normally connected to the Bus 
Acknowledge pin of the CPU. Each lower-priority DTC 
has its BAl connected to the BAO of the next higher- 
priority DTC. 

BAO. Bus Acknowledge Out (output, active Low) pin 3. In 
a multiple-DMA configuration, this pin signals th at no 
higher-priority DTC has requested the bus. BAl and BAO 
form a daisy chain for multiple-DTC priority resolution. 
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BUSREQ. B us Reque st (bidirectional, active Low, open- 
drain) pin 2. BUSREQ is used by the DTC t o obtain c on- 
trol of the bus from the CPU. Before driving BUSREQ ac- 
tive, the DTC samples this line to ensure that another re- 
quest is not already being made by another device. 
Since th e DTC internally syn chronizes the sampled 
BUSREQ signal, transitions on BUSREQ can be asyn- 
chronous with respect to the DTC clock. 

B/W. Byte/Word (output, 3-state) pin 35. This output in- 
dicates the type of data transferred on the Address/Data 
(AID) bus. A High on this line indicates a byte (8-bit) 
transfer and a Low indicates a word (1 6-bit) transfer. This 
signal is activated when AS goes Low and remains valid 
for the duration of the transaction. 

CLK. DTC Clock (input) pin 45. The Clock signal controls 
internal operations and the rates of data transfer. It is 
usually derived from a master system clock or an 
associated CPU clock. When the DTC is used with an 
MMU, both must be driven from the same clock signal. 
While many DTC input signals a re asy nchronous, transi- 
tions for other signals (such as WAIT inputs) must meet 
setup and hold requirements relative to the DTC clock. 
(See the timing diagrams for details.) 



CS/WAIT. Chip Select/Wait (input, active Low) pin 42. 
When the DTC is not in control of the system bus, this pin 
serves as a ChipjSelect (CS) input. A CPU or other exter- 
nal device uses CS to activate the DTC for reading and 
writing the DTC's internal registers. (CS can be held Low 
for multiple transfers to and from the DTC, provided that 
AS and DS are enabled for each transfer.) There are no 
timing requirements between the CS input and the DTC 
clock; the CS input timing requirements are only defined 
relative to AS. 

When the DT C is i n control of the system bus, this pin 
serves as the W AIT inp ut. Slow memories and peripheral 
devices canjjse WAIT to extend DS dur ing bu s transfers. 
Unlike the CS input, transitions on the WAIT input must 
meet certain timing requirements relative to the DTC 
cloc k (see the Active State timing diagram for details). 
The WAIT function can be disabled using a control bit in 
the Master Mode register, in which case this input is 
treated as a Chip Select only and is ignored when the 
DTC is in control of the system bus. 



DACK-i, DACK 2 . DMA Acknowledge (output, active Low) 
pins 39 and 40. There is one DM A Ackn owledge line 
associated with each channel. The DACK lines are pro- 
grammed in the Channel Mode register to be pulsed, 
held active, or held inact ive du ring DMA transfers. Dur- 
ing Flyby operations the DACK line is used for two pur- 
poses. It selects the peripheral involved in the transfer, 
and it provides timing information on whe n to ac cess the 
bus. During flowthrough operations the DACK line can 
be progr ammed to be active or inactive during a DMA 
transfer. DACK is not output during chaining operations. 



DRECh, DRECfe. DMA Request (input, active Low) pins 
36 and 37. There is a DMA Request line associated with 
each channel. These lines can make transitions indepen- 
dent of the DTC clock. They are used by external logic to 
initiate and control DMA operations performed by the 
DTC. 

DS. Data Strobe (bidirectional, jactive Low, 3-state) pin 
43. A Low on this signal while AS is High indicates that 
the A/D bus is being used to transfer data. When the CPU 
is bus master and is transferring information to or from 
the DTC, DS is a timing input used by the DTC to move 
data to or from the A/D bus. 

EOP. End of Process (bidirectional, active Low, open- 
drain, asynchronous) pin 38. This line is output when a 
Terminal Count (TC) or Match Condition (MC) termination 
occurs (see Termination section). An external source 
can termi nate a DMA operation in progress by driving 
EOP Low. EOP alw ays a pplies to the active channel; if no 
channel is active, EOP is ignore d. Th e Suppress output 
of the MMU can be connected to EOP to terminate DMA 
accesses that violate the MMU protection settin gs. To 
provide full access protection, an external EOP is ac- 
cepted even during chaining. 

IEI. Interrupt Enable In (input, active High) pin 46. IEI is 
used with IEO to form an interrupt daisy chain when 
there is more than one interrupt-driven device. A High 
IEI indicates that no other higher-priority device has an 
interrupt under service or is requesting an interrupt. 

IEO. Interrupt Enable Out (output, active High) pin 48. 
IEO is High only if IEI is High and the CPU is not servic- 
ing an interrupt from the requesting DTC. IEO is con- 
nected to the next lower-priority device's IEI input and 
thus inhibits interrupts from lower-priority devices. 

INT. Interrupt Request (output, open-drain, active Low) 
pin 47. This signal is pulled Low when the DTC requests 
an interrupt. 

N/S. Normal/System (output, 3-state) pin 30. The N/S 
signal is activated when the DTC is bus master. The N/S 
signal indicates which memory space is being accessed 
by going High for normal memory and Low for system 
memory. 

R/W. Read/Write (bidirectional, 3-state, Low = write) pin 
41. When the DTC is not bus master, R/W is a status in- 
put used to indicate whether data is being read from 
(High) or w_ritten to (Low) the DTC. When the DTC is bus 
master, R/W is an output used to indicate whether the 
DTC is reading or writing the addressed location. During 
Flyby DMA operations, the "Flyby peripheral" (Figure 3) 
inverts the R/W signal to determine whether it must read 
or write. 
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SN -SN 6 . Segment Number (output, 3-state) pins 21 -25 
and 28-29. In logical address configuration, these lines 
provide the segment number field of a 23-bit segmented 
address. The SNq-SN6 I/O address information can be 
used to increase the DTC's logical I/O address space 
beyond that of the CPU. In physical address configura- 
tion, these lines provide bits 23 through 17 of a 24-bit 
linear address. The 24th bit (MSB) is output on SN 7 /MMU 
Sync. 

SN7 or MMU Sync. Segment Number 7 or MMU Sync 
(output, 3-state) pin 27. In a logical address space con- 
figuration (with MMU), this line outputs an active High 
pulse prior to each machine cycle. The MMU uses this 
signal to synchronize access to its translation table and 
to differentiate between CPU and DTC control. The MMU 
ignores MMUSYNC if the status lines (ST0-ST3) indicate 



that an I/O transaction is being performed. This output is 
Low when the DTC is not bus master and the MM 1 bit in 
the Master Mode register is set. 

In a physical address space configuration (without 
MMU), this line outputs SN 7 , which becomes the 24th 
address bit in a linear address space. The 24-bit linear 
address configuration allows the DTC to access 16M 
bytes of memory. This pin floats to the high impedance 
state when the DTC is not bus master and the MM 1 bit is 
cleared. 

ST0-ST3. Status (bidirectional, 3-state) pins 31-34. 
When the DTC is bus master, these lines are outputs in- 
dicating the type of memory or I/O transaction being per- 
formed. When the DTC is not bus master, the status lines 
are inputs used to detect Interrupt and Segment Trap 
Acknowledge cycles (Table 1). 



Table 1. Status Codes 













Status Code 


ST 3 


ST 2 


STi 


ST 


Transaction/Operation 


Generated/Decoded 














Internal Operation 
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Memory Refresh 










1 





I/O Transaction 


Generated 
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Special I/O Transaction 


Generated 





1 








Segment Trap Acknowledge 


Decoded 





1 
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Nonmaskable Interrupt Acknowledge 


Decoded 
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1 





Nonvectored Interrupt Acknowledge 


Decoded 
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Vectored Interrupt Acknowledge 


Decoded 













Memory Transaction for Data/DTC Chaining 


Generated 
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Memory Transaction for Stack 


Generated 







1 





Reserved 









1 


1 


Reserved 






1 








Memory Transaction for Program Fetch (Subsequent Word) 


Generated 




1 
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Memory Transaction for Program Fetch (First Word) 






1 


1 





Reserved 






1 


1 


1 


Reserved 





FUNCTIONAL DESCRIPTION 

Channel Initialization 

The Z8016 DTC operates with a minimum of interaction 
with the host CPU. Each channel's operation is deter- 
mined by the settings of its own set of control registers. 
Each channel is initialized when the DTC loads its con- 
trol parameters from memory into its control registers 
during the chaining operation. To initiate the chaining 
operation, the CPU is required to program the Master 
Mode register and each channel's Chain Address 
register. Then each channel's control registers are 
automatically loaded by the DTC with control 
parameters stored in a chain control table in memory, 
located at the address pointed to by that channel's Chain 
Address register. Once the channel registers are loaded, 
the DTC is ready to perform DMA operations. 



Initiating DMA Operations. DMA operations can be 
initiated in three ways: 

■ Software Request. The CPU can issue Software Re- 
quest commands to start DMA operations on a 
specific channel. This channel must then request con- 
trol of the bus and perform transfers. 

■ Hardware Request. DMA o perations can be started by 
forcing a channel's DREQ input Low, as described in 
the Transfer Modes section. 

■ Starting After Chaining. If the Software Request bit of 
the Channel Mode register is loaded with a 1 during 
chaining, the channel will perform the programmed 
DMA operation at the end of chaining. If the channel is 
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programmed for Single Operation or Demand mode, it 
will perform the operation immediately. The channel 
will give up the bus after chaining and before the 
operation if the CPU Interleave bit in the Master Mode 
register is set. Note that once a channel starts a 
chaining operation by fetching a reload word, it re- 
tains bus control at least until all of the registers 
specified in the reload word have been loaded from 
memory. 

Transfers 

The Z8016 DTC uses three basic types of operation: 
Transfer, Search, and Transfer-and-Search. 

During a Transfer operation, the DTC obtains control of 
the system A/D bus from the CPU. Data is read from one 
addressable port (source) and is written to another ad- 
dressable port (destination) in words or bytes. This ap- 
plies to both Flyby and Flowthrough transfers. 
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Flyby transfers use a single addressing/transfer cycle, in 
which data is transferred directly from the source to the 
destination with no intermediate storage (Figure 3). This 
method of transfer provides higher throughput than 
Flowthrough transfers but cannot be used for memory- 
to-memory transfer. 

Flowthrough transfers are used for all combinations of 
addressable memory and I/O spaces. These transfers 
use independent double Addressing/Transfer cycles, in 
which data is stored temporarily in the DTC while being 
transferred from source to destination (Figure 4). 
Flowthrough transfers can use the tunneling option, 
which allows mixing of data sizes between source and 
destination. For example, a byte-oriented peripheral can 
conveniently supply data to a word-oriented memory. 
This option requires no added circuitry for either 
memory or peripherals. 
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During a Search operation, data is read from the source 
port and compared byte-by-byte with a pattern register 
containing a programmable match byte. The Search 
operation can be programmed to stop either when the 
read data matches (Stop-on-Match) or when it fails to 
match the masked pattern (Stop-on-No-Match). For 
word reads, the Channel Mode register can be used to 
select either 8- or 16-bit compares. 

Transfer-and-Search operations combine the transfer 
and search functions to facilitate the transfer of variable- 
length data blocks. While data is being transferred be- 
tween two ports, a simultaneous search is made for a 
bit-maskable byte match. Transfer-and-Search can be 
performed in either Flowthrough or Flyby mode. A Flyby 
Transfer-and-Search can be used to increase 
throughput for transfers between peripherals or between 
memory and a peripheral; it cannot be used for memory- 
to-memory transfers. 

Transfer Modes. The Z8016 DTC operates in either of 
two transfer modes: Single or Demand. The Demand 
mode is further divided into the Demand Dedicated with 
Bus Hold, Demand Dedicated with Bus Release, and De- 
mand Interleave modes. 

The Single mode is used with peripherals that transfer 
single bytes or words at irregular intervals. Each Soft- 
ware Request command causes the channel to perform 
a single DMA operation and ea ch application of a High- 
to-Low transition on the DREQ input also initiates a DMA 
operation. Each time a Single mode DMA operation 
ends, the channel relinqui shes t he bus unless a new 
transition has occurred on DREQ. 



In the Demand mode, when the DREQ input is active, 
transfer cycles are executed repeatedly until the 
transfer is completed. In the Demand Dedicated with 
Bus Hold mode, the active channel retains control of the 
bus until the transfer is complete, even after the DREQ 
input has gone inactive. In the Demand Dedicated with 
Bus Release mode, the ac tive channel releases control 
of the bus when the DREQ input goes inactive. When the 
DREQ input becomes active again, control of the bus is 
re-acquired and the transfer operation continues. 

The Demand Interleave mode has two options, program- 
mable in the Master Mode register bit MM2. If MM2 is 
set, the DTC relinquishes and re- requests bus control 
after every DMA operation. 

This permits the CPU and other devi ces to g ain bus con- 
trol. If both channels receive active DREQ inputs, each 



channel relinquishes control to the CPU after each 
operation. In the second option (MM2 is 0), control can 
pass from one channel to the other without requiring the 
DTC to rele ase bus control. If both channels receive ac- 
tive DREQ inputs, control alternates between channels 
and the DTC retains bus control until all channel opera- 
tions are complete. 

Wait States. The Z8016 DTC can insert Wait cycles in- 
to the DMA Transacti on cy cle under hardware or soft- 
ware control. The CS/WAIT input can be multiplexed to 
function as a Chip Select for the DTC w hen it does not 
have control of the bus, and as a WAITjnput when the 
DTC is the bus controller. Multiplexing CS and WAIT re- 
quires external logic, but the DTC can be programmed to 
insert Wait states automatically without external logic 
when accessing either I/O or memory addresses. Either 
zero, one, two, or four Wait states can be added. Wait 
states can be programmed separately for the Current 
Address registers and for the Chain Address register. 
Programmable Wait cycle insertion allows memories 
and peripherals of different speeds to be associated with 
I/O and memory addresses. 

Interrupts. On the Z8016 DTC, each channel is an inter- 
rupt source and has its own vector register for identify- 
ing the source of the interrupt during a CPU/DTC Inter- 
rupt Acknowledge transaction. An interrupt can result 
from a Match Condition (MC), End-Of-Process (EOP), or 
Terminal Count (TC) on either channel. The user selects 
the action to be performed by setting bits in the Channel 
Mode register. 

Three bits in each channel's Status register control inter- 
rupts. These are the Channel Interrupt Enable (CIE) bit, 
the Interrupt Pending (IP) bit, and the Interrupt Under 
Service (IUS) bit. 

Devices connected to any of the CPU's three interrupt 
inputs resolve priority conflicts with an interrupt daisy 
chain, as shown in Figure 5. The daisy chain has two 
functions. During an Interrupt Acknowledge transaction, 
it determines which interrupt source is being 
acknowledged. At all other times, it determines which in- 
terrupt sources can initiate an interrupt request. 

The Z8016 DTC has an interrupt queuing capability, 
which includes a two-deep interrupt queue on each 
channel. This allows the DTC to continue normal opera- 
tion between the time an interrupt is issued and the time 
the Interrupt Acknowledge is received. 
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Figure 5. Interrupt Daisy Chain 



Termination 

DMA operations can end in one of the following three 
ways: 

■ A Terminal Count (TC) termination occurs when a 
channel's Current Operation Count register goes to 0. 



An End-of-Process (EOP) termination occurs when 
the DTC'S EOP pin is driven Low by external logic. 

A Match Condition (MC) termination occurs when data 
being Searched or Transferred-and-Searched meets 
the match condition programmed in the Channel 
Mode register. 



MEMORY MANAGEMENT 

The DTC can be configured to operate in physical ad- 
dress space or logical address space. When the DTC is 
operated in logical address space, the segment and off- 
set portions of the address registers combine to form 
23-bit logical addresses. In conjunction with a CPU, DMA 
operations can be handled through the Z8010 MMU or 
the Z8015 PMMU. MMUs offer dynamic segment reloca- 
tion, segment protection, and other memory manage- 
ment features. 



In the physical address space configuration, the seg- 
ment and offset portions of the DTC's address registers 
are combined with the SN7 output to form a single 24-bit 
linear address. The extended I/O addressing capability 
of the DTC can be used to increase the DTC's physical 
I/O address space beyond that of the CPU. Figure 6 il- 
lustrates various DTC configuration options with the 
Z8000 CPUs and MMUs. 
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INTERNAL STRUCTURE 



The internal structure of the Z8016 DTC includes driver 
and receiver circuitry for interfacing with Zilog's Z-BUS. 
The DTC's internal bus interfaces with the Z-BUS and 



services all internal logic and registers, as illustrated in 
the DTC block diagram (Figure 7). 
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Figure 7. DTC Block Diagram 



REGISTER DESCRIPTION 



The DTC contains chip- level control registers as well as 
channel- level registers that are duplicated for each 
channel. Registers on the DTC that can be read by the 
CPU are either fast- or slow- readable. CPU I/O instruc- 
tions can read fast- readable registers without Wait 
states. Slow- readable registers can be read by the CPU 
only if Wait states are inserted. This requires external 
logic to gener ate an d time the application of Low signals 
on the CPUs WAIT input if the slow- readable registers 
are to be read. 

Control Registers 

The four control registers direct the functioning of the 
DTC. (Figure 8.) 

Master Mode Register. This register selects the way in 
which the DTC interfaces to the system. The following 
descriptions indicate how the individual bits in the 
Master Mode register are used. The Master Mode 
register is fast- readable. 

Chip Enable (CE). The setting of this bit enables the DTC 
to request the bus, perform DMA operations and reload 
registers. 



Logical/Physical Address Space (LP A). The setting of 
this bit determines how the system will view the segment 
and offset portions of the Current ARA and ARB 
registers. When LPA is set to 1 (Logical Address Space), 
the segment and offset portions of the Current ARA and 
ARB registers are treated as separate portions of the ad- 
dress. The 16-bit offset portion_of the address will ap- 
pear on pins AD0-AD15 when AS is Low. The 7-bit seg- 
ment number appears on pins SNo-SNe for the duration 
of the transaction. 

When this bit is set to (Physical Address Space), the 
segment and offset portions of the Current ARA and ARB 
registers are treated as a single address and all eight 
segment bits in the register are used. Both the I/O and 
the memory addresses in Physical Memory Space are 
generated by loading the offset portion of the Current Ad- 
dress register onto the AD0-AD15 bus and the segment 
portion of that register onto the SN0-SN7 bus. (In con- 
junction with the nonsegmented Z8000 CPUs, either 
Logical or Physical Address Space setting may be used.) 

Wait Line Enable (WLE) . This bit is set to enable sam- 
pling of the CS/WAIT line during memory and I/O 
transactions. 
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Disable Lower Chain (DLC). This bit is set to inhibit all 
lower priority devices on the interrupt daisy chain. While 
DLC is 0, the DTC generates Low and High signals on the 
IEO output in response to I El. 

No Vector on Interrupt (NVI). This bit determines 
whether the DTC channel or a peripheral returns a vec- 
tor during Interrupt Acknowledge cycles. While the bit is 



cleared, a channel receiving an Interrupt Acknowledge 
will drive the contejits of its Interrupt Save register onto 
the A/D bus while DS is Low. While this bit is set, inter- 
rupts are serviced in an identical manner, but the A/D 
bus remains in a high impedance state throughout the 
Acknowledge cycle. 



MASTER MODE REGISTER 



COMMAND REGISTER 



D 7 | D 6 D 5 | D 4 | D 3 | D 2 | D 1 | D | 


















1 


1 





1 


1 



NVI ACKNOWLEDGE 
VI ACKNOWLEDGE 

NMl ACKNOWLEDGE 
SEGMENT TRAP 
ACKNOWLEDGE 



CHIP ENABLE 

LOGICAL/PHYSICAL 
ADDRESS SPACE 

CPU INTERLEAVE 
ENABLE 

WATT LINE ENABLE 
DISABLE LOWER CHAIN 
NO VECTOR ON INTERRUPT 



I* 


D 6 


D 5 | D 4 | D 3 | D 2 | D, 


Oo 
















L_ 






















RESET 

INTERRUPT CONTROL 
SOFTWARE REQUEST 
FLIP BIT 

HARDWARE MASK 
START CHAIN 
NOT RECOGNIZED 
NOT RECOGNIZED 

















1 





1 








1 


1 


1 








1 





1 


1 


1 





1 


1 


1 



CHANNEL 2/CHANNEL 1 



SET/CLEAR 
INTERRUPT PENDING 
INTERRUPT UNDER SERVICE 
INTERRUPT ENABLE 



CHAIN CONTROL REGISTER 

(CHAIN LOADABLE ONLY) 
(WRITE ONLY) 



D 8 



D 7 



D 6 



D 5 D 4 



D3 |D2 |Dl |Do1 



CHAIN ADDRESS (2 WORDS) 
CHANNEL MODE (2 WORDS) 
INTERRUPT VECTOR (1 WORD) 
PATTERN AND MASK (2 WORDS) 
BASE OP-COUNT (1 WORD) 
BASE ARB (2 WORDS) 
BASE ARA (2 WORDS) 
CURRENT OP-COUNT (1 WORD) 
CURRENT ARB (2 WORDS) 
CURRENT ARA (2 WORDS) 



TEMPORARY REGISTER 



|P 15 |P14 D13 P12I Pii|Diq| D9 Ds P7 I D6 Ds I P4 I D3 I P2 I Pi I Do] 



Figure 8. Control Registers 
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Interrupt Acknowledge Field (two bits). This field is used 
to select the type of Interrupt Acknowledge cycle the 
DTC is to respond to. The setting of this field must cor- 
respond to the IEI/IEO daisy chain on which the DTC is 
located. The DTC can respond to Nonmaskable Interrupt 
(NMI), Nonvectored Interrupt (NVI), or Segment Trap 
Acknowledge cycles. 

CPU Interleave Enable. When this bit is set, interleaving 
of bus use between the CPU and the DTC is enabled. 

Chain Control Register. This 16-bit register specifies 
which registers are to be loaded from memory during a 
chaining operation. The Chain Control register is loaded 
from the memory location pointed to by the Chain Ad- 
dress register. The Chain Control register is chain 
loadable only and cannot be accessed by the CPU. 

Command Register. The Command register is an 8-bit 
write-only register written to by the host CPU to execute 
commands. The Command register is loaded from the 
data on AD 7 -ADq; the data on AD 15 -ADs is disregarded. 

Temporary Register. This 16-bit register is used to 
hold data during Flowthrough transfers, Search opera- 
tions, and Transfer-and-Search operations. The Tem- 
porary register cannot be written or read by the CPU. 

Channel- Level Registers 

Each of the DTC's two channels has a complete set of 
channel- level registers. This set consists of both 
General- Purpose and Special-Purpose registers, as il- 
lustrated in Figure 9. The General-Purpose registers are 
commonly found on DMA devices and can be read or 
written by the CPU. The Special -Purpose registers pro- 
vide additional features specific to the Z8016 DTC. 

General-Purpose Registers. The General-Purpose 
register set on each channel consists of the Current Ad- 
dress registers A and B, the Base Address registers A 
and B, the Base and Current Operation Count registers, 
and the Channel Mode register (Figure 10). 

Current and Base Address Registers A and B. The 

Current Address registers A and B are used to point to 
the source and destination for DMA operations. The con- 
tents of the Base Address registers A and B are transfer- 
red into the Current Address registers A and B at the end 
of a DMA operation if the user enables base-to-current 
reloading in the Completion field of the Channel Mode 
register. The base-to-current reload operation facilitates 
repetitive DMA operations without the multiple memory 
accesses required by chaining. 

Each of the Base and Current Address registers A and B 
consist of two words. The first word contains a 7-bit Tag 
field and an 8-bit Segment Number field. The second 
word contains a 16-bit offset. The use of the Tag field is 



s 



described below. The use of the Segment Number field 
depends upon the setting of the LPA bit in the Master 
Mode register. The Base and Current Address registers 
are fast- readable and can be loaded by chaining. 

Programmable Wait Field. This field allows the insertion 
of zero, one, two, or four Wait states into memory or I/O 
accesses addressed by the offset and segment fields. 

Address Control Field. At the end of each iteration of a 
DMA operation, the address can be incremented, 
decremented, or left unchanged. Memory addresses are 
changed by one if the address points to a byte operand 
or by two if the address points to a word operand. 

Address Reference Field. This portion of the Tag field is 
used to select whether the address pertains to memory 
space or I/O space. The N/S output line is always Low 
(indicating System) for I/O space but can be either High 
(Normal) or Low (System) for memory space. 

Current and Base Operation Count Registers. The £ 

16-bit Current Operation Count register specifies the ^ 

number of words or bytes to be transferred, searched, or £ 

transferred-and-searched. For word-to-word operations 3 

and byte-word tunneling, this register must be program- " 
med with the number of words to be transferred or 
searched. 

The Base Operation Count register reinitializes the cur- 
rent source and destination in the Current Operation 
Count register. Each time data is transferred or search- 
ed, the Current Operation Count register is decremented 
by one. Once all of the data is transferred or searched, 
the Current Operation Count register will contain zero. If 
the transfer on search stops before the Current Opera- 
tion Count register reaches zero, the contents of the 
register indicate the number of bytes or words remaining 
to be transferred or searched. This allows a channel to 
be restarted from where it left off without requiring 
reloading of the Current Operation Count register. The 
Current and Base Operation Count registers are slow- 
readable and can be loaded by chaining. 

Channel Mode Register. This register selects the type 
of DMA operation the channel is to perform, how the 
operation is to be executed, and what action is to be 
taken when the operation finishes. The Channel Mode 
register is slow- readable and can be loaded by chaining. 

Data Operation and Transfer Type Field. These fields 
are used to select the type of operation the channel is to 
perform along with the operand size. The specific codes 
are listed in Tables 2 and 3. The Flip bit is used to select 
which of the Current Address Registers A (ARA), or B 
(ARB), points to the source and which points to the 
destination address. 
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DTC INTERNAL 
BUS 













CURRENT 
ADDRESS REGISTER A 


CURRENT OPERATION 
COUNT REGISTER 










BASE 
ADDRESS REGISTER A 


BASE OPERATION 
COUNT REGISTER 












CURRENT 
ADDRESS REGISTER B 


CHANNEL MODE 
REGISTER 








BASE 
ADDRESS REGISTER B 















GENERAL-PURPOSE CHANNEL REGISTERS 



DTC INTERNAL 
BUS 















PATTERN 
REGISTER 












STATUS 
REGISTER 








MASK 
REGISTER 












INTERRUPT 
SAVE REGISTER 








CHAIN ADDRESS 
REGISTER 












INTERRUPT 
VECTOR REGISTER 













SPECIAL-PURPOSE CHANNEL REGISTERS 



Figure 9. Channel-Level Registers 
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BASE AND CURRENT ADDRESS 
REGISTERS A AND B 



TAG 



u 












1 


1 





1 


1 



WAIT STATES 

1 WAIT STATE 

2 WAIT STATES 
4 WAIT STATES 



INCREMENT ADDRESS 
DECREMENT ADDRESS 
HOLD ADDRESS 



SYSTEM DATA MEMORY 
SYSTEM STACK MEMORY 
SYSTEM PROGRAM MEMORY 
I/O 

NORMAL DATA MEMORY 
NORMAL STACK MEMORY 
NORMAL PROGRAM MEMORY 
SPECIAL I/O 



BASE AND CURRENT OPERATION COUNT REGISTERS 



5 

I 



I l l l l I l l I I I I l I I I I 
|Dl5 Di4|Di3|Dl2 Dii|Dlo| D9 | D8 D7 D 6 D5 | D4 | D3 | D2 | Pi Dp | 



CHANNEL MODE REGISTER 



D 4 D 3 D2 D1 Dp | 



D15 D14 D13 D12 Dn D 10 Dg 



D 8 



D 7 



D 6 



CHAIN 
ENABLE 

BTOC 
RELOAD 
ENABLE 

INTERRUPT 
ENABLE 



TC 
MC 

EOP 
TC 
MC 

EOP 
TC 
MC 

EOP 



J 



D 5 D 4 



D3 



D 2 



- MATCH CONTROL FIELD 
• PULSED DACK 

- HARDWARE REQUEST MASK 
■ SOFTWARE REQUEST 



Do 



- DATA OPERATION FIELD 



■ FLIP BIT 

(0) - ARA = src, ArB = dst 

(1) - ARA = dst, ArB = src 



■ TRANSFER TYPE FIELD 



Figure 10. General-Purpose Channel Registers 
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Table 2. Data Operation Field 



Code/Operation 



Operand Size 
ARA ARB 



Transaction 
Type 



Transfer 



0001 Byte Byte Flowthrough 

100X Byte Word Flowthrough 

0000 Word Word Flowthrough 

0011 Byte Byte Flyby 

0010 Word Word Flyby 



Transfer-and-Search 



0101 Byte Byte Flowthrough 

11 OX Byte Word Flowthrough 

0100 Word Word Flowthrough 

0111 Byte Byte Flyby 

0110 Word Word Flyby 



Search 



1111 
1110 



101X 



Byte 
Word 

Illegal 



Byte 
Word 



N/A 
N/A 



Completion Field. This field is used to program the ac- 
tion taken by the channel at the end of a DMA operation. 
When a DMA operation ends, the channel can perform 
any combination of the following options: 

■ Interrupt the CPU (Interrupt Enable field) 

■ Base-to-Current reload (B to C Reload field) 

■ Chain reload the next DMA operation (Chain Enable 
field) 

The options are performed according to the bits set in 
the Interrupt Enable, B to C Reload, and Chain Enable 
fields for each type of termination that occurs; the NAC 
bit in the Status register is automatically set on comple- 
tion of a DMA operation. 

Match Control Field. This 2-bit field determines whether 
matches use an 8-bit or 16-bit pattern and whether the 
channel is to Stop-On-Match or Stop-On-No-Match. The 
specific codes for the Match Control field are listed in 
Table 3. 

Table 3. Transfer Type Field and Match Control Field 



Code 



Transfer Type 



Match Control 



00 Single Transfer 

01 Demand Dedicated/Bus Hold 

10 Demand Dedicated/Bus 
Release 

11 Demand Interleave 



Stop on No Match 
Stop on No Match 

Stop on Word 

Match 

Stop on Byte Match 



Pulse DACK (PD). This bit determines wh en the PACK 
line is active. While cleared, the channel's DACK line is 
active whenever the channel is performing a DMA 
operation, regardless of the type of transaction. While 
the PD bit is set, the DACK pin is inactive during chain- 
ing, Flowthrough Transfer s, Flow through Transfer-and- 
Searches, and Searches. DACK is pulsed active during 
Flyby Transfers and Flyby Transfer-and-Searches at the 
time necessary to strobe data into, or out of, the Flyby 
peripheral. 

Hardware Request Mask (HRM). If this bit is set, a DMA 
oper ation ca n be started by applying a Low on the chan- 
nel's DREQ input. 

Software Request (SR). If this bit is set during chaining, 
the channel performs the programmed DMA operation at 
the end of the chaining operation. 

Special Purpose Registers. The Special-Purpose 
registers on each channel are the Pattern and Mask 
registers, the Status register, the Interrupt Vector 
register, the Interrupt Save registers, and the Chain Ad- 
dress register (Figure 11). 

Pattern and Mask Registers. These registers are used 
in Search and Transfer-and-Search operations. The Pat- 
tern register contains the pattern that the read data is 
compared to. The Mask register allows the user to ex- 
clude or mask selected Temporary register bits from 
comparison by setting the corresponding Mask register 
bit to 1. The Pattern and Mask registers are slow- 
readable and can be loaded by chaining. 

Status Register. The Status register on each channel 
reports the status of that channel. The functions of the 
individual bits are indicated in the following field descrip- 
tions. The Status register is fast- readable. 

Completion Status Field. Three bits indicate whether the 
DMA operation ended as a result of TC, MC, or EOP. The 
TC bit is set if the Operation Count (reaching zero) ends 
the DMA operation. The MC bit is set if a pattern match 
termination occurs. The EOP bit is set when an EOP ter- 
mination ends a DMA transfer. The appropriate combina- 
tion of the TC, MC, and EOP bits is set if multiple reasons 
exist for ending a DMA operation. The Match Condition 
High byte (MCH) and Match Condition Low byte (MCL) 
bits report the match states of the upper and lower com- 
parator bytes of the last word transferred. The MCH and 
MCL bits are updated with each transfer. 

These bits are set when the associated comparator 
bytes are matched, regardless of whether Stop-on- 
Match or Stop-on-no-Match is programmed. 

Hardware Interface Status Field. The Hardware Re- 
quest (HR Q) bit provides a me ans of monitoring the 
channel's DREQ input line. While DREQ is Low, the HRQ 
bit is set. While the Hardware Mask (HM) bit is s et, the 
DTC is prevented from responding to a Low on the DREQ 
line. H owever, the HRQ bit always reports the status of 
DREQ regardless of the status of the HM bit. 
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DTC Status Field. This field reports the current channel 
status to the CPU. The "channel initialized and waiting 
for request" status is implicitly indicated if bits ST12 
through STg are clear. 

Second Interrupt Pending (SIP). When a second inter- 
rupt is to be issued before the first interrupt is 
acknowledged, this bit is set and the channel relin- 
quishes the bus until an Acknowledge occurs. 

Waiting for Bus (WFB). This bit is set when the channel 
is waiting for bus control to perform a DMA operation. 

No Auto-Reload or Chaining (NAC). This bit is set under 
the following conditions: 

■ A channel completes a DMA operation and neither 
Base-to-Current reloading nor auto-chaining is en- 
abled. 

■ A channel is issued an EOP during chaining. 

■ A Reset is issued to the DTC. 

Chaining Abor t (CA). This bit is set when a channel is 
issued an EOP during chaining or a Reset is issued to the 
DTC. The Chain Abort (CA) bit holds the No Auto- Reload 
or Chaining (NAC) bit in the set state until the EOP bit is 
cleared. The CA bit is cleared when a new Chain Address 
Segment and Tag word or Offset word is loaded into the 
channel. 

Interrupt Status Field. The Channel Interrupt Enable 
(CIE), Interrupt Pending (IP), and Interrupt Under Service 
(IUS) bits are used to control the way a channel 
generates an interrupt. An interrupt source with its IP bit 
set makes an interrupt request if all of the following con- 
ditions are met: Interrupts are enabled, (CIE bit = 1), 
there is no Interrupt Under Service (IUS bit = 0), no 
higher priority interrupt is being serviced, and no Inter- 



rupt Acknowledge transaction is in progress. When an 
interrupt source has an Interrupt Under Service (IUS 
= 1), all lower priority interrupt sources are prevented 
from requesting interrupts. 

Interrupt Vector and Interrupt Save Registers. The 

8-bit Interrupt Vector register contains the vector or 
identifier to be output during an Interrupt Acknowledge 
cycle. When an interrupt occurs, the contents of the In- 
terrupt Vector register and bits ST9-ST15 of the Status 
register are stored in the 16-bit Interrupt Save register. 
Because the vector and status are stored, a new vector 
can be loaded during chaining and a new DMA operation 
can be performed before an Interrupt Acknowledge cy- 
cle occurs. If another interrupt occurs on the channel 
before the first is acknowledged, further channel activity 
is suspended. When a clear IP command is issued, the 
status and vector for the second interrupt are loaded into 
the Interrupt Save register and channel operation 
resumes. The DTC can retain only two interrupts for 
each channel. The Interrupt Save register is fast- 
readable. 

Chain Address Register. This register points to the 
chain control table in memory containing data to be load- 
ed into the channel's registers. The Chain Address 
register consists of two words (Figure 1 1 ). The first word 
consists of a Segment and Tag field. The second word 
contains the 16-bit offset portion of the memory address. 
Bit 15 in the Segment field is ignored when the DTC is 
configured for logical address space (LPA = 1 ). The Tag 
field contains two bits used to designate the number of 
Wait states to be inserted during accesses to the Chain 
Control table. The Chain Address register is fast- 
readable and is loadable by chaining. 

Table 4 provides a list of register addresses. 



01 



3 
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STATUS REGISTER 



INTERRUPT 
STATUS 




COMPLETION 
STATUS 



INTERRUPT SAVE REGISTER 



JDi5 Di4|Di3|Di2 Dii|Dio[D9 D 8 D 7 D 6 Ds1D4|D3|P2 Di Dq| 



VECTOR 
CHANNEL NUMBER 

= CH1 

1 = CH2 

• TC 

■ EOP 

- MC 

■ CHAIN ABORTED 

- MCL 

- MCH 

- HARDWARE REQUEST 



CHAIN ADDRESS REGISTER 

8 7 



SEGMENT 



OFFSET 
















1 


1 





1 


1 



WAIT STATES 

1 WAIT STATES 

2 WAIT STATES 
4 WAIT STATES 

. THIS BIT IS 
FOR PHYSICAL 
ADDRESS ONLY 



] 



EI 



D14 



PATTERN AND MASK REGISTERS INTERRUPT VECTOR REGISTER 



D13 D 12 D11 



Dio[ D9 I D8 D7 I De | D5 



D 4 



D3 D2 



D 7 



D6|Ds|D4|D3|D2lDilDo| 



INTERRUPT 
" VECTOR 



Figure 11. Special- Purpose Channel Registers 
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Table 4. Register Address Summary 



Address 
(AD 7 -AD ) 



XO 1 1 1 oox 
X01 01 1 1 X 
XO 1 1 1 ox 



X1 00 
X1 00 
X1 00 
X1 00 
XO 1 
XO 1 
X01 
X01 
X1 01 
X1 01 
X0 1 
XO 1 
X01 
XO 1 
X 1 1 

X 1 1 

XI 01 
X 1 1 



1 01 X 

1 oox 

1 1 1 X 

1 1 ox 

1 1 1 X 

1 1 ox 
1 01 X 

1 oox 

1 01 X 

1 oox 
1 1 x 
00 1 X 
1 ox 
ooox 

1 1 X 
00 1 X 
1 ox 
ooox 



(Hex) 



Control Registers 



38 Master Mode 

2E Command Channel 1 

2C Command Channel 2 



General- Purpose Channel Registers 



X 1 1 1 X 1A Current Address Register A-Channel 1, Segment/Tag 

X 1 1 X OA Current Address Register A-Channel 1 , Offset 

X 1 1 X 18 Current Address Register A-Channel 2, Segment/Tag 

X000100X 08 Current Address Register A-Channel 2, Offset 

X 1 1 X 12 Current Address Register 8-Channel 1 , Segment/Tag 

X000001X 02 Current Address Register B-Channel 1 , Offset 

X001000X 10 Current Address Register B-Channel 2, Segment/Tag 

XOOOOOOX 00 Current Address Register B-Channel 2, Offset 

X 1 1 1 1 X 1 E Base Address Register A-Channel 1 , Segment/Tag 

X 1 1 1 X OE Base Address Register A-Channel 1 , Offset 

X 1 1 1 X 1C Base Address Register A-Channel 2, Segment/Tag 

X 1 1 X OC Base Address Register A-Channel 2, Offset 

X 1 1 1 X 16 Base Address Register B-Channel 1, Segment/Tag 

X 1 1 X 06 Base Address Register B-Channel 1 , Offset 

X 1 1 X 14 Base Address Register B-Channel 2, Segment/Tag 

X000010X 04 Base Address Register B-Channel 2, Offset 

X 1 1 1 X 32 Current Operation Count Channel 1 

X 1 1 X 30 Current Operation Count Channel 2 

X 1 1 1 1 X 36 Base Operation Count Channel 1 

X 1 1 1 X 34 Base Operation Count Channel 2 
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Special- Purpose Channel Registers 



4A Pattern Channel 1 

48 Pattern Channel 2 

4E Mask Channel 1 

4C Mask Channel 2 

2E Status Channel 1 

2C Status Channel 2 

2A Interrupt Save Channel 1 

28 Interrupt Save Channel 2 

5A Interrupt Vector Channel 1 

58 Interrupt Vector Channel 2 

26 Chain Address, Channel 1 Segment/Tag 

22 Chain Address, Channel 4 Offset 

24 Chain Address, Channel 2 Segment/Tag 

20 Chain Address, Channel 2 Offset 

56 Channel Mode Channel 1 High 

52 Channel Mode Channel 1 Low 

54 Channel Mode Channel 2 High 

50 Channel Mode Channel 2 Low 



NOTE: X = ignored. 
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ADDRESSING 



The address generated by the DTC is always a byte ad- 
dress, even though the memory is organized as 16-bit 
words. All word-sized data is word-aligned and must be 
addressed by even addresses (Aq = 0). With byte 
transfers, the least significant address bit determines 
which half of the A/D bus is used for the transfer. An 



even address specifies the most significant byte 
(ADs-ADis), and an odd address specifies the least 
significant byte (AD -AD 7 ). This addressing mechanism 
applies to memory accesses as well as to I/O and 
Special I/O accesses. 



COMMANDS 



The Z8016 DTC responds to several commands that give 
the CPU direct control over operating parameters. The 
commands described below are executed immediately 
after being written by the CPU into the DTC's Command 
register. A summary of the DTC commands is given in 
Table 5. 

Reset 

The Reset command forces the DTC into an idle state, in 
which it waits for a Start Chain command. The Start 
Chain command initiates a chain operation on either 
channel. 



Software Request 

A channel's Software Request command initiates a 
previously programmed transfer. If both channels are 
active, Channel 1 has priority. 

Set/Clear Hardware Mask 

The Set/Clear Hardware Mask command sets or clears 
the Hardware Mask bit in the selected channel's Mode 
register. 



Table 5. DTC Command Summary 









Example 




Opcode Bits 


Code 


Command 


7654 


3210 


(HEX) 


Reset 


ooox 


xxxx 


00 


Start Chain Channel 1 


101X 


xxxo 


AO 


Start Chain Channel 2 


101X 


XXX1 


A1 


Clear Software Request Channel 1 


01 ox 


xxoo 


40 


Clear Software Request Channel 2 


01 ox 


XX01 


41 


Set Software Request Channel 1 


01 ox 


XX10 


42 


Set Software Request Channel 2 


01 ox 


XX11 


43 


Clear Hardware Mask Channel 1 


100X 


xxoo 


80 


Clear Hardware Mask Channel 2 


100X 


XX01 


81 


Set Hardware Mask Channel 1 


100X 


XX10 


82 


Set Hardware Mask Channel 2 


100X 


XX11 


83 


Clear CIE, IUS, IP Channel 1 


001 E 


SPOO 


* 


Clear CIE, IUS, IP Channel 2 


001 E 


SP01 


* 


Set CIE, IUS, IP Channel 1 


001 E 


SP10 


* 


Set CIE, IUS, IP Channel 2 


001 E 


SP11 


* 


Clear Flip Bit Channel 1 


011X 


xxoo 


60 


Clear Flip Bit Channel 2 


011X 


XX01 


61 


Set Flip Bit Channel 1 


011X 


XX10 


62 


Set Flip Bit Channel 2 


011X 


XX11 


63 



* NOTES: 1. E = Set to 1 to perform set/clear on CIE, Clear to for no effect on CIE. 

2 S = Set to 1 to perform set/clear on IUS, Clear to for no effect on IUS. 

3 P = Set to 1 to perform set/clear on IP, Clear to for no effect on IP. 
4. X = "don't care" bit This bit is not decoded and may be or 1. 

5 Flip bit = reset to for ARA = src, ARB = dst Set to 1 for ARA = dst, 
ARB = src. 
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Set/Clear IP, IUS, and CIE 

The Set/Clear IP, IUS, and CIE commands manipulate 
the Interrupt Control bits located in each channel's 
Status register. These bits implement the interrupt daisy- 
chain control. The IP, IUS, and CIE bits for each channel 
can be set and cleared individually or in combination. 



Set/Clear Flip Bit 

The Set/Clear Flip Bit command reverses the source and 
destination, thereby reversing the direction of data 
transfer without reprogramming the channel. 



TIMING 



The following descriptions and timing diagrams refer to 
the relative timing relationships of DTC signals during 
basic operations. For exact timing information, refer to 
the composite timing diagrams. 

Bus Request And Acknowledge 

Before the DTC can perform a DM A operatio n, it must 
gain control of the system bus. The BUSREQ, BAi, and 
BAO interface pins provide connections between the 
DTC and the host CPU and other DMA devices to ar- 
bitrate which device has control of the system bus. 
When th e DTC wants to gain bus control, it drives 
BUSREQ Low. Bus Request and Acknowledge timing is 
shown in Figure 12. 

Flowthrough Transactions 

Timing for Flowthrough I/O and Flowthrough Memory 
transactions (Figures 13 and 14, respectively) is iden- 
tical. There are two types of I/O space on the Z8016: I/O 
and Special I/O. Status lines ST -ST 3 specify when an 
I/O operation is being performed and which of the two 
I/O spaces is being accessed. During an I/O transaction, 



status signal N/S will be Low to indicate a System Level 
operation. 

The timing for I/O operations is identical to the timing of 
Flowthrough memory transactions. An I/O cycle consists 
of three states: T 1( T 2 , and T3. The TWA state is a Wait 
state that can be inserted into the transaction cycle. The 
AS output is pulsed Low to mark the beginning of a 
T-cycle^The N/S line is set Low (System) and the R/W 
and B/W lines select Read or Write operations for bytes 
or words. The N/S, R/W and B/W lines become stable 
during T-| and remain stable until the end of T3. 

I/O address space is byte- addressed but both 8- and 
16-bit_data sizes are supported. During I/O transactions, 
the B/W output is High for byte transactions and Low for 
word transactions. 

The R/W output is High during Read operations and Low 
during Write operations. DS is driven Low to signal the 
peripherals that data can be gated onto, or received 
from, the bus. DS is driven High to signal the end of the 
I/O transaction. 
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Figure 12. Bus Request and Acknowledge Timing 
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CLOCK 
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Figure 13. Flowthrough I/O Transaction Timing 
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Figure 14. Flowthrough Memory Transaction Timing 
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Flyby Transactions 

A Flyby operation is performed during three T-states. AS 
is pulsed during Ti to signal the output of address infor- 
mation. R/W is High if the current ARA specifies source, 
and Low if the current ARB specifies destination. DS and 



DACK are driven active during T2 to initiate the transfer, 
and driven inactive during T3 to conclude the transfer. 
Wait states can be inserte d betw een T2 and T3 to extend 
the active time to DS and DACK. Flyby transaction tim- 
ing is shown in Figure 15. 



CLOCK 



TO FLYBY 
PERIPHERAL 



FROM FLYBY 
PERIPHERAL 




"Toggles for memory access in logical address space only. 
**For physical addressing only. 
***N/S will be low for I/O transactions. 

(A) Address is current ARA 

(B) Address is current ARB 



Figure 15. Flyby Transaction Timing 
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DREQ Timing 

The following section describes DREQ timing for various 
operations. 



A High-to-Low transition of DREQ causes a single itera- 
tion of a DMA opej^ition. A new transition can occur after 
the Low-to-High AS transition on the first memory or I/O 
access of the DMA iteration. Figure 16 shows the timing 
for a new transition to be applied and recognized to 
avoid giving up the bus at the end of the current iteration. 



In Bus Hold mode, DREQ is sampled when a channel 
gains bus control. If DRE Q is Low , an iteration of a DMA 
operation is performed. If DREQ is High, the channel re- 
tains bus control and continues to drive all bus control 
signals active or inactive, but performs no DMA 
operation. 



In Demand mode during DMA operation, DREQ is sam- 
pled to determine whether the channel should perform 
another cycle or release the bus (Figure 17). 



DREQ is sampled after each End o f Chain ing or Base-to- 
Current Reloading operation. If DREQ is active, the 
channel begins performing DMA operations immedi- 
ately, without releasing the bus. 



DACK Timing 

During I/O and me mory tr ansactions, WAIT is sampled in 
the middle of T2. If WAIT is High, and no programmable 
Wait states are selected, the DTC proceeds to T 3 . Other- 
wise, one or more Wait states are inserted. WAIT is also 
sampled during Twa- If WAIT is High the DTC proceeds 
to T3, otherwise, additional Wait states are inserted. 
When both h ardwa re and software Wait states are in- 
serted, each WAIT time is sampled. A Low causes a 
hardware Wait state to be inserted in the nex t cyc le. 
Software Wait state insertion is suspended until WAIT is 
High. Hardware Wait states can be ins erted a ny time 
during the software Wait state sequence. DACK timing is 
shown in Figure 18. 

EOP Timing 

EOP is driven Low when a TC, MC, or EOP term inati on 
occurs. When a DMA operation has terminated, EOP is 
sampled on the falling edge of T 3 to determine if EO P has 
been driven Low. Th e gen eration of internal EOPs and 
sampling of external EOPs for Transfers-an d-Se arches 
follows the same timing used for Transfers. EOP timing 
is shown in Figure 19. 



1 
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FIRST ACCESS OF DMA ITERATION LAST ACCESS OF DMA ITERATION 
. Tl ►j^ t 2 /> — T W a or T 2 —H-«« T 3 ► 



CLOCK 




DREQ 



\ 



r^ l 



Figure 16. Sample DREQ During Single Transfer DMA Operations 
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CLOCK 



DREQ 



^ — \ / 



(A) Sampling of DREQ While in Bus Hold Mode 



k- 



LAST ACCESS OF DMA ITERATION 



■T2 or T1 ►]-< — Twa or T2 — ►[^ T3 ► 



FIRST ACCESS OF NEXT DMA ITERATION 

«« T1 ►b T2 



CLOCK 




DREQ 



\^. 
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(B) DREQ Sampling in Demand Mode During DMA Operations 



CLOCK 




CTEQ 



\-j: 



(C) Sampling DREQ at the End of Chaining 



CLOCK 




DREQ 



\-j: 



(D) Sampling DREQ at End of Base-to-Current Reloading 



Figure 17. DREQ Sampling in Demand Mode 



CLOCK 



LEVEL 
DACK 



^ 



/ 



PULSED 

DACK (FLYBY) 



\ FL T Y°BY~V / * 



FROM 
FLYBY 



I/O— ► I/O 
I/O— ►MEM 



DS 



MEM —►I/O <* \ \ / 



Figure 18. DACK Timing 



THLD ►H ThlD ►H TiDLE" 



CLOCK 




EXTI 


ERNAL 
EOP 

K- 


\ 

-Twa or T2 


\ / / 




CLOCK 




* Taui 


EXTERNAL 
EOP 




\ 


/ 














INTERNAL 
EOP 






\ 

Figure 19. EOP Timing 
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2129-018,019 
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ACTIVE STATE TIMING 



SN0-SN7 



ADo-ADis 




S T0-ST3 , 

REA D/WRITE . 

NORMAL/SYSTEM, 

BYTEIWORD, 
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AC CHARACTERISTICS! 

Timing for DTC as Bus Master 









4 MHz 


6 MHz 


Number 


Symbol 


Parameters 


Min 


Max 


Min 


Max 


1 


TcC 


Clock Cycle Time 


250 


2000 


165 




2 


TwCh 


Clock Width (High) 


105 




70 




3 


TwCI 


Clock Width (Low) 


105 




70 




4 


TfC 


Clock Fall Time 




20 




10 


5 


TrC 


Clock Rise Time 




20 




15 


6 


TdC(SNv) 


Clock t to Segment Number Valid (50pf Load) Delay* * * 




110 




90 


7 


TdC(SNn) 


Clock t to Segment Number Valid Delay 


20 




10 




8 


TdC(Bz) 


Clock t to Bus Float Delay 




65 




50 


9 


TdC(A) 


Clock t to Address Valid Delay 




100 




90 


10 


TdC(Az) 


Clock t to Address Float Delay 




65 




50 


11 


TdA(DI) 


Address Valid to Data In Required Valid Delay 


400 




305 




12 


TsDI(C) 


Data In to Clock 1 Setup Time 


20 




15 




13 


TdDS(A) 


DS t to Address Active Delay 


80 




45 




14 


TdC(DO) 


Clock t to Data Out Valid Delay 




100 




90 


15 


ThDI(DS) 


DSt to Data In Hold Time 












16 


TdDO(DS) 


Data Out Valid to DS t Delay 


230 




200 




21 


TdDO(SW) 


Data Out Valid to DS 1 (Write) Delay 


55 




35 




24 


TdC(ASf) 


Clock t to AS I Delay 




70 




60 


25 


TdA(AS) 


Address Valid to AS t Delay 


50 




35 




26 


TdC(ASr) 


Clock I to AS t Delay 




80 




60 


27 


TdAS(DI) 


AS t to Data In Required Valid Delay 




300 




220 


28 


TdDS(AS) 


DSt to ASU Delay 


75 




35 




29 


TwAS 


AS Width (Low) 


80 




60 




30 


TdAS(A) 


AS t to Address Valid Delay 


60 




45 




31 


TdAz(DSR) 


Address Float to DS (Read) 1 Delay 












32 


TdAS(DSR) 


AS t to DS I (Read) Delay 


75 




40 




33 


TdDSR(DI) 


DS (Read) 4 to Data In Required Valid Delay 


165 




155 




34 


TdC(DSr) 


Clock 1 to DS t Delay 




70 




65 


35 


TdDS(DO) 


DS t to Data Out (Write Only) and Status Valid (Read 
and Write) Delay 


85 




45 




36 


TdA(DSR) 


Address Valid DS (Read) J Delay 


120 




110 




37 


TdC(DSR) 


Clock t to DS (Read) \ Delay 




60 




60 


38 


TwDSR 


DS (Read) Width (Low) 


275 




185 




39 


TdC(DSW) 


Clock 1 to DS (Write) 1 Delay 




60 




60 


40 


TwDSW 


DS (Write) Width (Low) 


160 




150 




41 


TdDSI(DI) 


DS (Input) I to Data In Required Valid Delay 




325 




210 


42 


TdC(DSf) 


Clock I to DS (1/0)1 Delay 




60 




60 


43 


TwDS 


DS (I/O) Width (Low) 


150* 




150 




47 


TdC(S) 


Clock t to Status Valid Delay 




110 




80 


48 


TdS(AS) 


Status Valid to AS t Delay 


60 




35 




62 


TsWT(C) 


WAIT to Clock I Setup Time 


20 




20 




63 


ThWT(C) 


WATT to Clock 1 Hold Time 


30 




30 




96 


TdC(SNr) 


Clock t to SN7/MMUSYNC t Delay* * 




110 




110 


97 


TdC(SNf) 


Clock t to SN7/MMUSYNC I Delay* * 


20 


110 




110 


NOTES: 














*Wait states should be inserted by programming a hardware when accessing slow peripherals. 


* * * 1 30 ns max with Logical Addressing. 


* * Logical Addressing only. 




tUnitsir 


i nanoseconds (ns). 
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INACTIVE STATE TIMING 



AD -AD 15 < 



INTERRUPT 
ACKNOWLEDGE 



ST -ST 3 ,R/W 




BUS EXCHANGE TIMING 



BUSREQ 




ST0-ST3, AS, 
DS^R/W, 
B/W, N/S 

(SN -SN 6 )* 



*For logical addressing only 
"For physical addressing only 
Note 1 The DTC will begin driving the bus on the clock cycle following the clock cycle in .which the set-up parameters are met. 
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2129-021,022 



ACCHARACTERISTICSt 

Timing for DTC as Bus Slave and CPU-DTC Bus Exchange 



Number Symbol 



Parameters 



4 MHz 
Min Max 



6 MHz 
Min Max 



64 
65 
66 
67 



TwDRQ 

TsDRQ(C) 

ThDRQ(C) 

TdC(BRQf) 

TdC(BRQr) 



DREQ Pulse Width (Single Transfer Mode) 
DREQ Valid to Clock t Setup Time 
Clock t to DREQ Valid Hold Time 



20 
60 
20 



Clock t to BUSREQ J Delay 



Clock I to BUSREQt Delay 



150 
165 



20 
50 
20 



120 
150 



69 
70 
71 
72 
73 



TdBRQ(BUSc) BUSREQ t to Control Bus Float Delay 



TdBRQ(BUSd) BUSREQ t to AD Bus Float Delay 

TdDSA(RDV) DS 4 (Acknowledge) to Data Output Valid Delay 

TdDSA(RDZ) DS t (Acknowledge) to Data Output Float Delay 

TdDSR(DOD) DS I (IOR) to Data Output Driven Delay 



140 
140 
135 
80 
135 



110 
110 
120 
75 
120 



I 



74 TdDSR(RDZ) DS t (IOR) to Data Output Float Delay 

75 TwAS AS Low Width 

76 TsA(AS) Address Valid to AS t Setup Time 

77 ThAS(Av) AS t to Address Valid Hold Time 

78 TdAS(DS) AS t to DS I Delay (I/O) 



80 



70 
30 
50 
50 



50 
10 
40 
40 



75 



79 TsCS(AS) CS Valid to AS t Setup Time 

80 ThCS(AS) AS t to CS Valid Hold Time 40 

81 TwAS(DS) AS and DS Simultaneously Low Time (Reset) 3TcC 

82 TdBAI(Az) BAI ttoSN -SN 7 , AD -AD 15 Float Delay (Reset) 

83 TdBAI(ST) BAl t to ST -ST 3> R/W, B/W, N/S Float Delay (Reset) 



135 
100 





30 

3TcC 



120 
80 



84 TdBAI(DS) BAI t to DS, AS Float Delay (Reset) 

85 TdDS(Dn) DS t (IOW) to Data Valid Hold Time 

86 TdAC(DRV) Address Valid to Data (IOR) Required Valid Delay 

87 TdAZ(DS) Address Float to DS \ (IOR) Delay 

88 TwDS(IO) DS (IO) Low Width 



40 




150* 



100 



540 



40 




150 



85 
345 



89 
90 



91 
92 



TsD(DS) Data (IOW) Valid to DS t Setup Time 

TrDS(W) DS t (IOW) to DS I (IOW) (Write Recovery Time 

applies only for issuing Command) 
TsBAK(C) BAI Valid to Clock t Setup Time 

TdAS(DS) AS t to DS I (ACK) Delay 



40 



40 



4TcC 




4TcC 




60 




50 




100 




100 




150 




150 














40 











80 




70 




80 




60 



93 TwDS(AK) DS (ACK) Low Width 

94 TdBRQ(BAI) BUSREQ \ to BAI I Required Delay 

95 TsS(AS) Status Valid to AS t Setup Time 

98 TdBAI(BAO) BAI t, I to BAOt, I Delay 

99 TdlEI(IEO) IEIU to IEOM Delay 



NOTES- 

*2000 ns for reading slow-readable registers (worst case) 

fUnits in nanoseconds (ns). 
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ABSOLUTE MAXIMUM RATINGS 

Voltages on all pins with respect 

toGND -0.3Vto+7.0V 

Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°Cto +150°C 

STANDARD TEST CONDITIONS 

The DC characteristics and capacitance sections below 
apply for the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin. 

Standard conditions are as follows: 

■ + 4.75V <V C c< + 5.25V 

■ GND = OV 

■ Ta as specified in Ordering Information 

All AC parameters assume a load capacitance of 50 pf max. 

The Ordering Information section lists package temperature 
ranges and product numbers. Package drawings are in the 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only, 
operation of the device at any condition above those indicated in the 
operational sections of these specifications is not implied Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability 



Package Information section. Refer to the Literature List for 
additional documentation. 



FROM OUTPUT , 



50 pF! 




+ &v 

I 



FROM OUTPUT c 
UNDER TEST 



=p 5 °P f 



Standard Test Load Open-Drain Test Load 



DC CHARACTERISTICS 


Symbol 


Parameter 


Min 


Max 


Unit 


Condition 




V C H 


Clock Input High Voltage 


Vcc-0-4 


Vcc + 0-3 


V 


Driven by External Clock Generator 


V C L 


Clock Input Low Voltage 


-0.3 


0.45 


V 


Driven by External Clock Generator 


V| H 


Input High Voltage 


2.0 


Vcc + 0-3 


V 






V|L 


Input Low Voltage 


-0.3 


0.8 


V 






V H 


Output High Voltage 


2.4 




V 


Iqh = -250 ^A 




Vol 


Output Low Voltage 




0.4 


V 


Iql = +2.0 mA 




"il 


Input Leakage 




±10 


/*A 


0.4 =s V| N <; V cc 




lOL 


Output Leakage 




±10 


M A 


0.4 <, V| N <, +V CC 




'cc 


Vqc Supply Current 




350 


mA 


T A = 0°C 




NOTE: V CC = 


: 5 V ± 5% unless otherwise specified. 










CAPACITANCE 


Symbol 


Parameter 






Min 


Max 


Unit 


CCLOCK 

C IN 

COUT 


Clock Capacitance 
Input Capacitance 
Output Capacitance 








40 

5 

10 


pf 
Pf 
Pf 



T A = 25°C,f = 1 MHz. 
Unmeasured pins returned to ground. 
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ORDERING INFORMATION 



Z8016Z-DTC,4.0MHz 
48-pin DIP 

Z8016PS 
Z8016CS 
Z8016PE 
Z8016CE 



Z8016AZ-DTC,6.0MHz 
48-pin DIP 

Z8016APS 
Z8016ACS 
Z8016APE 
Z8016ACE 



Codes 



First letter is for package; second letter is for temperature. 



C 
P 
L 
V 



Ceramic DIP 
Plastic DIP 
Ceramic LCC 
Plastic PCC 



R = Protopack 
T = Low Profile Protopack 
DIP = Dual- In- Line Package 
LCC = Leadless Chip Carrier 
PCC = Plastic Chip Carrier (Leaded) 



TEMPERATURE 
S =0°Cto+70°C 
E = -40°Cto+85°C 
M*= -55°Cto +125°C 



FLOW 

B = 883 Class B 



Example: PS is a plastic DIP, 0°C to + 70°C. 

fAvailable soon. 

*For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 
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Z8030Z8000® 
Z-SCC Serial 
Communications Controller 



Zilog 



Product 
Specification 



April 1985 



Features ■ Two independent, to 1 .5M bit/second, full- 

duplex channels, each with a separate crystal 
oscillator, baud rate generator, and Digital 
Phase-Locked Loop for clock recovery. 

■ Multi-protocol operation under program 
control; programmable for NRZ, NRZI, or 
FM data encoding. 

■ Asynchronous mode with five to eight bits 
and one, one and one-half, or two stop bits 
per character; programmable clock factor; 
break detection and generation; parity, 
overrun, and framing error detection. 

■ Synchronous mode with internal or external 
character synchronization on one or two 



synchronous characters and CRC genera- 
tion and checking with CRC- 16 or 
CRC-CCITT preset to either Is or Os. 

SDLC/HDLC mode with comprehensive 
frame-level control, automatic zero insertion 
and deletion, I-field residue handling, abort 
generation and detection, CRC generation 
and checking, and SDLC Loop mode 
operation. 

Local Loopback and Auto Echo modes. 

1 .544M bit/second Tl digital trunk compatible 

version available. 



N 

i 

CO 

o 

M 

■ 
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General The Z8030 Z-SCC Serial Communications 

Description Controller is a dual-channel, multi-protocol 
data communications peripheral designed for 
use with the Zilog Z-Bus. The Z-SCC functions 
as a serial-to-parallel, parallel-to-serial con- 
verter/controller. The Z-SCC can be software- 
configured to satisfy a wide variety of serial 



communications applications. The device con- 
tains a variety of new, sophisticated internal 
functions including on-chip baud rate 
generators, Digital Phase-Locked Loops, and 
crystal oscillators that dramatically reduce the 
need for external logic. 



ADDRESS/ 
DATA BUS 



BUS 

TIMING 

AND RESET 



INTERRUPT 



M , 


AD 7 


TxDA 


— *\ 


o » 


AD 6 


RxDA 




-*- ► 


AD S 


TRxCA 


**""■" I 


-*-*. 


AD 4 


RTxCA 


— -J 


++ 


AD 3 
AD 2 
A^ 


SYNCA 
W/REQA 






++ 




DTR/REQA 






AD 


RTSA 
CTSA 
DCDA 








1 *. 


DS 


^ 


( — *" 


R/W 


TxDB 


^| 


1 — ** 


CSi 


RxDB 


■* J 




INT 
INTACK 


TRxCB 
RTxCB 
SYNCB 










*•"■*! 


*» 


I El 
IEO 


W/REQB 




DTR/REQB 








RTSB 






Z8030 


CTSB 






Z-SCC 


DCDB 


•* — 



CHANNEL 
CONTROLS 
FOR MODEM, 
DMA, OR 
OTHER 



CHANNEL 
CONTROLS 
FOR MODEM, 
DMA, OR 
OTHER 



>CH-B 



AD, C 


1 


W 


40 


DAD 


AD 3 C 


2 




39 


J AD 2 


AD 5 C 


3 




38 


2 AD 4 


AD 7 C 


4 




37 


J AD 6 


INT C 






36 


] DS 


IEO \Z 


6 




35 


J AS 


ihC 






34 


] R/W 


INTACK C 


8 




33 


D cs^ 


+ BVC 


9 




32 


] C8i 


W/REQA Q 


10 


Z8030 
Z-SCC 


31 


J| GND 

~| W/REQB 


SYNCA £ 






30 


RTxCA C 


12 




29 


U SYNCB 


RxDA C 


13 




28 


] RTxCB 


TRxCA C 


14 




27 


] RxDB 


TxDA C 


15 




26 


3 TRxCB 


DTR/REQA [_ 


16 




25 


] TxDB 


RTSA C 


17 




24 


J DTR/REQB 


CTSA C 


18 




23 


] RTSB 


DCDA C 


19 




22 


3 CTSB 


PCLK C 


20 




21 


Jj DCDB 



t t t 

+ 5V GND PCLK 



Figure 1. Pin Functions 



Figure 2. 40-pin Dual-In-Line Package (DIP), 
Pin Assignments 



2016-001,002 
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General The Z-SCC handles asynchronous formats, 

Description synchronous byte-oriented protocols such as 
(Continued) IBM Bisync, and Synchronous bit-oriented pro- 
tocols such as HDLC and IBM SDLC. This ver- 
satile device supports virtually any serial data 
transfer application (cassette, diskette, tape 
drives, etc.). 

The device can generate and check CRC 
codes in any Synchronous mode and can be 
programmed to check data integrity in various 
modes. The Z-SCC also has facilities for 



modem controls in both channels. In appli- 
cations where these controls are not needed, 
the modem controls can be used for 
general-purpose I/O. 

The Z-Bus daisy-chain interrupt hierarchy 
is also supported — as is standard for Zilog 
peripheral components. 

The Z8030 Z-SCC is packaged in a 40-pin cer- 
amic DIP and 44-pin chip carrier and uses a 
single + 5V power supply. 



^ ^v^^o^vV^ 4> 



+ 5V 

W/REQA 

SYNCA 

RTxCA 

RxDA 

TRxCA 

TxDA 

NC 



f" 7 


5 4 3 2 1 44 43 42 41 40 "\ 




7 
8 




39 


R/W 




38 


CS^ 


9 




37 


CSi 


10 




36 


NC 


11 
12 
13 


Z8030 
Z-SCC 


35 
34 
33 


GND 

W/RlQB" 

SYNCB 


14 




32 


RTxCB 


15 




31 


RxDB 


16 
17 




30 


TRxCB 




29 


TxDB 


v° 


19 20 21 22 23 24 25 26 27 28 / 





Figure 2a. 44-pin Chip Carrier, 
Pin Assignments 
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Pin The following section describes the pin func- 

Description tions of the Z-SCC. Figures 1 and 2 detail the 
respective pin functions and pin assignments. 

AD0-AD7. Address/Data Bus (bidirectional, ac- 
tive High, 3-state). These multiplexed lines carry 
register addresses to the Z-SCC as well as data or 
control information to and from the Z-SCC. 

AS. Address Strobe (input, active Low). 
Addresses on ADo- AD7 are latched by the rising 
edge of this signal. 

CSo. Chip Select (input, active Low). This 
signal is latched concurrently with the addresses 
on ADq- AD7 and must be active for the intended 
bus transaction to occur. 

CSi. Chip Select 1 (input, active High). This 
second select signal must also be active before 
the intended bus transaction can occur. CSi must 
remain active throughout the transaction. 



CTSA, CTSB. Clear to Send (inputs, active 
Low). If these pins are programmed as Auto En- 
ables, a Low on the inputs enables their respec- 
tive transmitters. If not programmed as Auto 
Enables, they may be used as general-purpose 
inputs. Both inputs are Schmitt-trigger buffered 
to accommodate slow rise-time inputs. The 
Z-SCC detects pulses on these inputs and can 
interrupt the CPU on both logic level transitions. 



DCDA, DCDB. Data Carrier Detect (inputs 
active Low). These pins function as receiver en- 
ables if they are programmed for Auto Enables; 
otherwise they may be used as general-purpose 
input pins. Both pins are Schmitt-trigger buffered 
to accommodate slow rise-time signals. The 
Z-SCC detects pulses on these pins and can inter- 
rupt the CPU on both logic level transitions. 

DS. Data Strobe (input, active Low). This 
signal provides timing for the transfer of data into 
and out of the Z-SCC. If AS and DS coincide, 
this is interpreted as a reset. 



DTR/REQA, DTR/REQB. Data Terminal 
Beady/Bequest (outputs, active Low). These 
outputs follow the state programmed into the DTR 
bit. They can also be used as general-purpose 
outputs or as Request lines for a DMA controller. 



IEL Interrupt Enable In (input, active High). IEI 
is used with IEO to form an interrupt daisy chain 
when there is more than one interrupt-driven 
device. A High IEI indicates that no other higher 
priority device has an interrupt under service or 
is requesting an interrupt. 

IEO. Interrupt Enable Out (output, active High). 
IEO is High only if IEI is High and the CPU is not 
servicing a Z-SCC interrupt or the Z-SCC is not 
requesting an interrupt (Interrupt Acknowledge 
cycle only). IEO is connected to the next lower 
priority device's IEI input and thus inhibits inter- 
rupts from lower priority devices. 

INT. Interrupt Bequest (output, open-drain, 
active Low). This signal is activated when the 
Z-SCC requests an interrupt. 



IN TACK. Interrupt Acknowledge (input, active 
Low). This signal indicates an active Interrupt 

Acknowledge cycle. During this cycle, the 

Z-SCC interrupt daisy chain settles. When DS 
becomes active, the Z-SCC places an interrupt 
vector on the data bus (if IEI is High). INTACK 
is latched by the rising edge of AS. 

PCLK. Clock (input). This is the master Z-SCC 
clock used to synchronize internal signals. PCLK 
is not required to have any phase relationship 
with the master system clock, although the fre- 
quency of this clock must be at least 90% of the 
CPU clock frequency for a Z8000. PCLK is a TTL 
level signal. 

RxDA, RxDB. Beceive Data (inputs, active High). 
These input signals receive serial data at standard 
TTL levels. 



RTxCA, RTxCB. Beceive/Transmit Clocks 
(inputs, active Low). These pins can be pro- 
grammed in seve ral dif ferent modes of operation. 
In each channel, RTxC may supply the receive 
clock, the transmit clock, the clock for the baud 
rate generator, or the clock of the Digital Phase- 
Locked Loop. These pins can also b e pro- 
grammed for use with the respective SYNC 
pins as a crystal oscillator. The receive clock may 
be 1 , 16, 32, or 64 times the data rate in Asyn- 
chronous modes. 



8 
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RTSA, RTSB. Bequest To Send (outputs, 

active Low). When the Request To Send (RTS) bit 
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Pin in Write Register 5 (Figure 1 1 ) is set, the RTS 

Description signal goes Low. When the RTS bit is reset in the 
(Continued) Asynchronous mode and Auto Enable is on, the 
signal goes High after the transmitter is empty. In 
Synchronous mode or in Asyn chronous mode 
with Auto Enable off, the RTS pm strictly follows 
the state of the RTS bit. Both pins can be used as 
general-purpose outputs. 

R/W. Read/Write (input). This signal specifies 
whether the operation to be performed is a read 
or a write. 



SYNCA, SYNCB. Synchronization (inputs or 
outputs, active Low). These pins can act either as 
inputs, outputs, or part of the crystal oscillator 
circuit. 

In the Asynchronous Receive mode (crystal 
oscillator option not s elec ted), t hese pins are 
inputs similar to CTS and DCD. In this mode, 
transitions on these lines affect the state of the 
Synchronous/Hunt status bits m Read Register 
(Figure 10) but have no other function. 

In External Synchronization mode with the 
crystal oscillator not sel ected, these lines also act 
as inputs. In this mode, SYNC must be driven 
Low two receive clock cycles after the last bit in 
the synchronous character is received. Character 
assembly begins on the rising edge of the receive 
clock i mmediately preceding the activation of 
SYNC. 



In the Internal Synchronization mode (Mono- 
sync and Bisync) with the crystal oscillator not 
selected, these pins act as outputs and are active 
only during the part of the receive clock cycle in 
which synchronous characters are recognized. 
The synchronous condition is not latched, so 
these outputs are active each time a synchroniza- 
tion pattern is recognized (regardless of charac- 
ter boundaries). In SDLC mode, these pins act as 
outputs and are valid on receipt of a flag. 

TxDA, TxDB. Transmit Data (outputs, active 
High). These output signals transmit serial data 
at standard TTL levels. 



TRxCA, TRxCA. Transmit/Receive Clocks 
(inputs or outputs, active Low). These pins can 
be progra mmed i n several different modes of 
operation. TRxC may supply the receive clock 
or the transmit clock in the input mode or supply 
the output of the Digital Phase-Locked Loop, the 
crystal oscillator, the baud rate generator, or the 
transmit clock in the output mode. 



W/REQA, W/REQB. Wait/Request (outputs, 
active Low. Open-drain when programmed for a 
Wait function; when programmed for a 3-state 
Request function). These dual-purpose outputs 
may be programmed as Request lines for a DMA 
controller or as Wait lines to synchronize the 
CPU to the Z-SCC data rate. The reset state is 
Wait. 



Functional The functional capabilities of the Z-SCC 

Description can be described from two different points 
of view: as a data communications device, 
it transmits and receives data in a wide 
variety of data communications protocols; 
as a Z8000 Family peripheral, it interacts 
with the Z8000 CPU and other peripheral 
circuits and is part of the Z-Bus interrupt 
structure. 

Data Communications Capabilities. The 

Z-SCC provides two independent full-duplex 
channels programmable for use in any com- 
mon Asynchronous or Synchronous data- 
communication protocol. Figure 3 and the 



following description briefly detail these 
protocols. 

Asynchronous Modes. Transmission and 
reception can be accomplished independently 
on each channel with five to eight bits per 
character, plus optional even or odd parity. 
The transmitters can supply one, one-and-a- 
half, or two stop bits per character and can 
provide a break output at any time. The 
receiver break- detection logic interrupts the 
CPU both at the start and at the end of a 
received break. Reception is protected from 
spikes by a transient spike-rejection 
mechanism that checks the signal one-half a 





PARITY 
START 1 STC 

\ \\ 


)P 






MARKING Lir 


| | DATA III DATA 
ASYNCHRONOUS 


II' 


1 MARKING LINE 


1 


| SYNC | DATA 


r 


1 DATA 1 


CRCi 


| CRC 2 | 








MONOSYNC 






1 SYNC 


1 SYNC 1 DATA 


i 


1 DATA 1 


CRCi 


| CRC 2 | 




SIGNAL 




BISYNC 








1 DATA 


r 


1 DATA 1 


CRCi 


| CRCa j 








EXTERNAL SYNC 






1 FLAG 


1 ADDRESS 1 


INFORMATION 1 


CRCi 


| CRC 2 | FLAG | 








SDLC/HDLCIX.25 







Figure 3. Some Z-SCC Protocols 



634 



Functional bit time after a Low level is detected on the 
Description receive data input (RxDA or RxDB in 
(Continued) Figure 1). If the Low does not persist (as in the 
case of a transient), the character assembly 
process does not start. 

Framing errors and overrun errors are 
detected and buffered together with the partial 
character on which they occur. Vectored inter- 
rupts allow fast servicing or error conditions 
using dedicated routines. Furthermore, a 
built-in checking process avoids the interpreta- 
tion of a framing error as a new start bit: a 
framing error results in the addition of one-half 
a bit time to the point at which the search for 
the next start bit begins. 

The Z-SCC does not require symmetric 
transmit and receive clock signals — a feature 
allowing use of the wide variety of clock 
sources. The transmitter and receiver can 
handle data at a rate of 1, 1/16, 1/32, or 1/64 
of the clock rate supplied to the receive and 
tra nsmit c lock inputs. In Asynchronous modes, 
the SYNC pin may be programmed as an input 
used for functions such as monitoring a ring 
indicator. 

Synchronous Modes. The Z-SCC supports both 
byte-oriented and bit-oriented synchronous 
communication. Synchronous byte-oriented 
protocols can be handled in several modes, 
allowing character synchronization with a 6-bit 
or 8-bit synchronous character (Monosync), 
any 12-bit synchronization pattern (Bisync), or 
with an external synchronization signal. 
Leading synchronous characters can be 
removed without interrupting the CPU. 

Five- or 7-bit synchronous characters are 
detected with 8- or 16-bit patterns in the 
Z-SCC by overlapping the larger pattern 
across multiple incoming synchronous 
characters as shown in Figure 4. 

CRC checking for Synchronous byte- 
oriented modes is delayed by one character 
time so that the CPU may disable CRC check- 
ing on specific characters. This permits the 
implementation of protocols such as 
IBM Bisync. 

Both CRC- 16 (X16 + X15 + X2 + 1) and 
CCITT (X16 + X12 + X5 +1) error checking 
polynomials are supported. Either polynomial 
may be selected in all Synchronous modes. 
Users may preset the CRC generator and 
checker to all Is or all Os. The Z-SCC also 
provides a feature that automatically transmits 
CRC data when no other data is available for 



transmission. This allows for high speed 
transmissions under DMA control, with no 
need for CPU intervention at the end of a 
message. When there is no data or CRC to 
send in Synchronous modes, the transmitter 
inserts 6-, 8-, or 16-bit synchronous 
characters, regardless of the programmed 
character length. 

The Z-SCC supports Synchronous bit- 
oriented protocols, such as SDLC and HDLC, 
by performing automatic flag sending, zero in- 
sertion, and CRC generation. A special com- 
mand can be used to abort a frame in transmis- 
sion. At the end of a message, the Z-SCC 
automatically transmits the CRC and trailing 
flag when the transmitter underruns. The 
transmitter may also be programmed to send 
an idle line consisting of continuous flag 
characters or a steady marking condition. 

If a transmit underrun occurs in the middle 
of a message, an external/status interrupt 
warns the CPU of this status change so that an 
abort may be issued. The Z-SCC may also be 
programmed to send an abort itself in case of 
an underrun, relieving the CPU of this task. 
One to eight bits per character can be sent, 
allowing reception of a message with no prior, 
information about the character structure in 
the information field of a frame. 

The receiver automatically acquires syn- 
chronization on the leading flag of a frame in 
SDLC or HDLC a nd pro vides a synchroniza- 
tion signal on the SYNC pin (an interrupt can 
also be programmed). The receiver can be 
programmed to search for frames addressed by 
a single byte (or four bits within a byte) of a 
user-selected address or to a global broadcast 
address. In this mode, frames not matching 
either the user-selected or broadcast address 
are ignored. The number of address bytes can 
be extended under software control. For 
receiving data, an interrupt on the first 
received character, or an interrupt on every 
character, or on special condition only (end- 
of -frame) can be selected. The receiver 
automatically deletes all Os inserted by the 
transmitter during character assembly. CRC is 
also calculated and is automatically checked to 
validate frame transmission. At the end of 
transmission, the status of a received frame is 
available in the status registers. In SDLC 
mode, the Z-SCC must be programmed to use 
the SDLC CRC polynomial, but the generator 
and checker may be preset to all Is or all Os. 
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Functional The CRC is inverted before transmission and 
Description the receiver checks against the bit pattern 
(Continued) 0001 1 10100001 111. 

NRZ, NRZI or FM coding may be used in any 
lx mode. The parity options available in Asyn- 
chronous modes are available in Synchronous 
modes. 

The Z-SCC can be conveniently used under 
DMA control to provide high-speed reception 
or transmission. In reception, for example, the 
Z-SCC can interrupt the CPU when the first 
character of a message is received. The CPU 
then enables the DMA to transfer the message 
to memory. The Z-SCC then issues an end-of- 
frame interrupt and the CPU can check the 
status of the received message. Thus, the CPU 
is freed for other service while the message is 
being received. The CPU may also enable the 
DMA first and have the Z-SCC interrupt only 
on end-of-frame. This procedure allows all 
data to be transferred via the DMA. 

SDLC Loop Mode. The Z-SCC supports SDLC 
Loop mode in addition to normal SDLC. In an 
SDLC Loop, there is a primary controller 
station that manages the message traffic flow 
on the loop and any number of secondary 
stations. In SDLC Loop mode, the Z-SCC per- 
forms the functions of a secondary station 
while a Z-SCC operating in regular SDLC 
mode can act as a controller (Figure 5). 

A secondary station in an SDLC Loop is 
always listening to the messages being sent 
around the loop, and in fact must pass these 
messages to the rest of the loop by retrans- 
mitting them with a one-bit-time delay. The 
secondary station can place its own message 
on the loop only at specific times. The con- 
troller signals that secondary stations may 
transmit messages by sending a special 
character, called an EOP (End Of Poll), 
around the loop. The EOP character is the bit 
pattern 11111110. Because of zero insertion 
during messages, this bit pattern is unique and 
easily recognized. 

When a secondary station has a message to 
transmit and recognizes an EOP on the line, it 



changes the last binary 1 of the EOP to a 
before transmission. This has the effect of turn- 
ing the EOP into a flag sequence. The secon- 
dary station now places its message on the loop 
and terminates the message with an EOP. Any 
secondary stations further down the loop with 
messages to transmit can then append their 
messages to the message of the first secondary 
station by the same process. Any secondary 
stations without messages to send merely echo 
the incoming messages and are prohibited 
from placing messages on the loop (except 
upon recognizing an EOP). 

SDLC Loop mode is a programmable option 
in the Z-SCC. NRZ, NRZI, and FM coding may 
all be used in SDLC Loop mode. 

Baud Rate Generator. Each channel in the 
Z-SCC contains a programmable baud rate 
generator. Each generator consists of two 8-bit 
time constant registers that form a 16-bit time 
constant, a 16- bit down counter, and a flip-flop 
on the output producing a square wave. On 
startup, the flip-flop on the output is set in a 
High state, the value in the time constant 
register is loaded into the counter, and the 
counter starts counting down. The output of 
the baud rate generator toggles upon reaching 
0, the value in the time constant register is 
loaded into the counter, and the process is 
repeated. The time constant may be changed 
at any time, but the new value does not take 
effect until the next load of the counter. 

The output of the baud rate generator may 
be used as either the transmit clock, the 
receive clock, or both. It can also drive the 
Digital Phase-Locked Loop (see next section). 

If the receive clock or trans mit clo ck is not 
programmed to come from the TRxC pin, the 
output of the baud rate g enerator may be 
echoed out via the TRxC pin. 

The following formula relates the time con- 
stant to the baud rate (the baud rate is in 
bits/second and the BR clock period is in 
seconds): 



baud rate = 



1 



2 (time constant + 2) X (BR clock period) 




Digital Phase-Locked Loop. The Z-SCC con- 
tains a Digital Phase-Locked Loop (DPLL) to 
recover clock information from a data stream 
with NRZI or FM encoding. The DPLL is driven 
by a clock that is nominally 32 (NRZI) or 16 
(FM) times the data rate. The DPLL uses this 
clock, along with the data stream, to construct 
a clock for the data. This clock may then be 
used as the Z-SCC receive clock, the transmit 
clock, or both. 

For NRZI encoding, the DPLL counts the 32x 
clock to create nominal bit times. As the 32x 
clock is counted, the DPLL is searching the 



Figure 5. An SDLC Loop 
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Functional incoming data stream for edges (either 1 to 
Description or to 1). Whenever an edge is detected, the 
(Continued) DPLL makes a count adjustment (during the 
next counting cycle), producing a terminal 
count closer to the center of the bit cell. 

For FM encoding, the DPLL still counts from 
to 31, but with a cycle corresponding to two 
bit times. When the DPLL is locked, the clock 
edges in the data stream should occur between 
counts 15 and 16 and between counts 31 and 
0. The DPLL looks for edges only during a 
time centered on the 15 to 16 counting 
transition. 

The 32x clock for the DPLL can be pr o- 
grammed to come from either the RTxC input 
or the output of the baud rate generator. The 
DPLL output may be programme d to b e 
echoed out of the Z-SCC via the TRxC pin (if 
this pin is not being used as an input). 

Data Encoding The Z-SCC may be pro- 
grammed to encode and decode the serial data 
in four different ways (Figure 6). In NRZ 
encoding, a 1 is represented by a High level 
and a is represented by a Low level. In NRZI 
encoding, a 1 is represented by no change in 
level and a is represented by a change in 
level. In FM1 (more properly, bi- phase mark) 
a transition occurs at the beginning of every 
bit cell. A 1 is represented by an additional 
transition at the center of the bit cell and a is 
represented by no additional transition at the 
center of the bit cell. In FMO (bi-phase space), 
a transition occurs at the beginning of every 
bit cell. A is represented by an additional 
transition at the center of the bit cell, and a 1 
is represented by no additional transition at 
the center of the bit cell. In addition to these 
four methods, the Z-SCC can be used to 
decode Manchester (bi-phase level) data by 
using the DPLL in the FM mode and program- 
ming the receiver for NRZ data. Manchester 
encoding always produces a transition at the 
center of the bit cell. If the transition is to 1, 
the bit is a 0. If the transition is 1 to the 
bit is a 1 . 



Auto Echo and Local Loopback. The Z-SCC 
is capable of automatically echoing everything 
it receives. This feature is useful mainly in 
Asynchronous modes, but works in Syn- 
chronous and SDLC modes as well. In Auto 
Echo mode, TxD is RxD. Auto Echo mode can 
be used with NRZI or FM encoding with no 
additional delay, because the data stream is 
not decoded bef ore r etransmission. In Auto 
Echo mode, the CTS input is ignored as a 
transmitter enable (although transitions on this 
input can still cause interrupts if programmed 
to do so). In this mode, the transmitter is 
actually bypassed and the programmer is 
resp onsible for disabl ing transmitter interrupts 
and WAIT/REQUEST on transmit. 

The Z-SCC is also capable of Local Loop- 
back. In this mode TxD is RxD, just as in Auto 
Echo mode. However, in Local Loopback 
mode, the internal transmit data is tied to the 

internal receive data and RxD is ignored 

(exc ept to be echoed out via TxD). The CTS 
and DCD inputs are also ignored as transmit 
and receive enables. However, transitions on 
these inputs can still cause interrupts. Local 
Loopback works in Asynchronous, Syn- 
chronous and SDLC modes with NRZ, NRZI or 
FM coding of the data stream. 

I/O Interface Capabilities. The Z-SCC offers 
the choice of Polling, Interrupt (vectored or 
nonvectored), and Block Transfer modes to 
transfer data, status, and control information to 
and from the CPU. The Block Transfer mode 
can be implemented under CPU or DMA 
control. 

Polling. All interrupts are disabled. Three 
status registers in the Z-SCC are automatically 
updated whenever any function is performed. 
For example, end-of-frame in SDLC mode 
sets a bit in one of these status registers. The 
idea behind polling is for the CPU to period- 
ically read a status register until the register 
contents indicate the need for data to be 
transferred. Only one register needs to be 
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Functional read; depending on its contents, the CPU 
Description either writes data, reads data, or continues. 
(Continued) Two bits in the register indicate the need for 
data transfer. An alternative is a poll of the 
Interrupt Pending register to determine the 
source of an interrupt. The status for both 
channels resides in one register. 

Interrupts. The Z-SCC interrupt scheme con- 
forms to the Z-Bus specification. When a 
Z-SCC responds to an Interrupt Acknowledge 
signal (INTACK) from the CPU, an interrupt 
vector may be placed on the A/D bus. This 
vector is written in WR2 and may be read in 
RR2A or RR2B (Figures 10 and 11). 

To speed interrupt response time, the Z-SCC 
can modify three bits in this vector to indicate 
status. If the vector is read in Channel A, 
status is never included; if it is read in 
Channel B, status is always included. 

Each of the six sources of interrupts in the 
Z-SCC (Transmit, Receive, and External/Status 
interrupts in both channels) has three bits 
associated with the interrupt source: Interrupt 
Pending (IP), Interrupt Under Service (IUS), 
and Interrupt Enable (IE). Operation of the IE 
bit is straightforward. If the IE bit is set for a 
given interrupt source, then that source can 
request interrupts. The exception is when the 
MIE (Master Interrupt Enable) bit in WR9 is 
reset and no interrupts may be requested. The 
IE bits are write only. 

The other two bits are related to the Z-Bus 
interrupt priority chain (Figure 7). As a Z-Bus 
peripheral, the Z-SCC may request an 
interrupt only when no higher priority device 
is requesting one, e.g., when IEI is High. If 
the device in q uestion requests an interrupt, it 
pulls dow n INT. The CPU then responds with 
INTACK, and the interrupting device places 
the vector on the A/D bus. 

In the Z-SCC, the IP bit signals a need for 
interrupt servicing. Whe n an IP bit is 1 and 
the IEI input is High, the INT output is pulled 
Low, requesting an interrupt. In the Z-SCC, if 
the IE bit is not set by enabling interrupts, 
then the IP for that source can never be set. 
The IP is set two or three AS cycles after the 
interrupt condition occurs. Two or three AS 
rising edges are required fro m the time an in- 
terrupt condition occurs until INT is activated. 
The IP bits are readable in RR3A. 

The IUS bits signal that an interrupt request 



is being serviced. If an IUS is set, all interrupt 
sources of lower priority in the Z-SCC and 
external to the Z-SCC are prevented from 
requesting interrupts. The internal interrupt 
sources are inhibited by the state of the inter- 
nal daisy chain, while lower priority devices 
are inhibited by the IEO output of the Z-SCC 
being pulled Low and propagated to subse- 
quent peripherals. An IUS bit is set during an 
Interrupt Acknowledge cycle if there are no 
higher priority devices requesting interrupts. 

There are three types of interrupts: 
Transmit, Receive, and External/Status. Each 
interrupt type is enabled under program con- 
trol with Channel A having higher priority 
than Channel B, and with Receiver, Transmit, 
and External/Status interrupts prioritized in 
that order within each channel. When the 
Transmit interrupt is enabled, the CPU is 
interrupted when the transmit buffer becomes 
empty. (This implies that the transmitter must 
have had a data character written into it so 
that it can become empty.) When enabled, the 
receiver can interrupt the CPU in one of 
three ways: 

■ Interrupt on First Receive Character or 
Special Receive Condition. 

■ Interrupt on All Receive Characters or 
Special Receive Condition. 

■ Interrupt on Special Receive Condition 
Only. 

Interrupt on First Character or Special Con- 
dition and Interrupt on Special Condition Only 
are typically used with the Block Transfer 
mode. A Special Receive Condition is one of 
the following: receiver overrun, framing error 
in Asynchronous mode, end-of-frame in SDLC 
mode and, optionally, a parity error. The 
Special Receive Condition interrupt is different 
from an ordinary receive character available 
interrupt only in the status placed in the vector 
during the Interrupt Acknowledge cycle. In 
Interrupt on First Receive Character, an inter- 
rupt can occur from Special Receive Condi- 
tions any time after the first receive character 
interrupt. 

The main function of the External/Status 
inte rrup t is to monit or the signal transitions of 
the CTS, DCD, and SYNC pins; however, an 
External/Status interrupt is also caused by a 
Transmit Underrun condition, or a zero count 
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Functional in the baud rate generator, or by the detection 
Description of a Break (Asynchronous mode), Abort (SDLC 
(Continued) mode) or EOP (SDLC Loop mode) sequence in 
the data stream. The interrupt caused by the 
Abort or EOP has a special feature allowing 
the Z-SCC to interrupt when the Abort or EOP 
sequence is detected or terminated. This 
feature facilitates the proper termination of the 
current message, correct initialization of the 
next message, and the accurate timing of the 
Abort condition in external logic in SDLC 
mode. In SDLC Loop mode, this feature allows 
secondary stations to recognize the wishes of 
the primary station to regain control of the 
loop during a poll sequence. 

CPU/DMA Block Transfer. The Z-SCC pro- 
vides a Block Transfer mode to accommodate 



CPU block transfer functions and DMA con- 
trollers. The Bloc k Transfer mode uses the 
WAIT/REQUEST output in conj unctio n with the 
Wait/Requ est bits in WR1. The WAIT/ 
REQUEST output can be defined under soft- 
ware control as a WAI T line in th e CPU Block 
Transfer mode or as a REQUEST line in the 
DMA Block Transfer mode. 



To a DMA controller, the Z-SCC REQUEST 
output indicates that the Z-SCC is ready to 
tra nsfer d ata to or from memory. To the CPU, 
the WAIT line indicates that the Z-SCC is not 
ready to transfer data, thereby req uestin g that 
the CPU e xtend the I/O cycle. The DTR/ 
REQUEST line allows full-duplex operation 
under DMA control. 



Architecture The Z-SCC internal structure includes two 

full-duplex channels, two baud rate 
generators, internal control and interrupt 
logic, and a bus interface to the Zilog Z-Bus. 
Associated with each channel are a number of 



read and write registers for mode control and 
status information, as well as logic necessary to 
interface to modems or other external devices 
(Figure 8). 
The logic for both channels provides 
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Architecture formats, synchronization, and validation for 
(Continued) data transferred to and from the channel inter- 
face. The modem control inputs are monitored 
by the control logic under program control. 
All of the modem control signals are general- 
purpose in nature and can optionally be used 
for functions other than modem control. 

The register set for each channel includes 
ten control (write) registers, two sync 
character (write) registers, and four status 
(read) registers. In addition, each baud rate 
generator has two (read/write) registers for 
holding the time constant that determines the 
baud rate. Finally, associated with the inter- 
rupt logic is a write register for the interrupt 
vector accessible through either channel, a 
write-only Master Interrupt Control register 
and three read registers: one containing the 
vector with status infomation (Channel B only), 
one containing the vector without status 
(Channel A only), and one containing the 
Interrupt Pending bits (Channel A only). 

The registers for each channel are 
designated as follows: 

WR0-WR15 — Write Registers through 15. 

RR0-RR3, RR10, RR12, RR13, RR15 — Read 
Registers through 3, 10, 12, 13, 15. 

Table 1 lists the functions assigned to each 
read or write register. The Z-SCC contains 
only one WR2 and WR9, but they can be 
accessed by either channel. All other registers 
are paired (one for each channel). 

Data Path. The transmit and receive data path 
illustrated in Figure 9 is identical for both 
channels. The receiver has three 8-bit buffer 
registers in an FIFO arrangement, in addition 
to the 8-bit receive shift register. This scheme 
creates additional time for the CPU to service 
an interrupt at the beginning of a block of 
high speed data. Incoming data is routed 
through one of several paths (data or CRC) 
depending on the selected mode (the character 
length in Asynchronous modes also determines 
the data path). 

The transmitter has an 8-bit Transmit Data 



buffer register loaded from the internal data 
bus and a 20-bit Transmit Shift register that 
can be loaded either from the synchronous 
character registers or from the Transmit Data 
register. Depending on the operational mode, 
outgoing data is routed through one of four 
main paths before it is transmitted from the 
Transmit Data output (TxD) 

Read Register Functions 

RRO Transmit/Receive buffer status and External status 

RR1 Special Receive Condition status 

RR2 Modified interrupt vector (Channel B only) 

Unmodified interrupt vector (Channel A only) 

RR3 Interrupt Pending bits (Channel A only) 

RR8 Receive buffer 

RR10 Miscellaneous status 

RR12 Lower byte of baud rate generator time constant 

RR13 Upper byte of baud rate generator time constant 

RR15 External/Status interrupt information 

Write Register Functions 

WRO CRC initialize, initialization commands for the 
various modes, shift right/shift left command 

WR1 Transmit/Receive interrupt and data transfer mode 
definition 

WR2 Interrupt vector (accessed through either channel) 

WR3 Receive parameters and control 

WR4 Transmit/Receive miscellaneous parameters and 
modes 

WR5 Transmit parameters and controls 

WR6 Sync characters or SDLC address field 

WR7 Sync character or SDLC flag 

WR8 Transmit buffer 

WR9 Master interrupt control and reset (accessed 

through either channel) 

WR10 Miscellaneous transmitter/receiver control bits 

WR11 Clock mode control 

WR12 Lower byte of baud rate generator time constant 

WR13 Upper byte of baud rate generator time constant 

WR14 Miscellaneous control bits 

WR15 External/Status interrupt control 

Table 1 . Read and Write Register Functions 



o 

s 

8 



Programming The Z-SCC contains 13 write registers in 
each channel that are programmed by the 
system separately to configure the functional 
personality of the channels. All of the registers 
in the Z-SCC are directly addressable. How 
the Z-SCC decodes the address placed on the 
address/data bus at the beginning of a Read or 
Write cycle is controlled by a command issued 
in WROBJn the Shift Right mode the channel 
select A/B is taken from ADo and the state of 
AD5 is ignored. In the Shift Left mode A/B is 
taken from AD5 and the state of ADo is 



ignored. AD7 and ADg are always ignored as 
address bits and the register address itself 
occupies AD4-AD1. 

The system program first issues a series of 
commands to initialize the basic mode of 
operation. This is followed by other commands 
to qualify conditions within the selected mode. 
For example, the Asynchronous mode, 
character length, clock rate, number of stop 
bits, even or odd parity might be set first. 
Then the Interrupt mode would be set, and 
finally, receiver or transmitter enable. 
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Programming Read Registers. The Z-SCC contains eight 
(Continued) read registers (actually nine, counting the 

receive buffer [RR8]) in each channel. Four of 
these may be read to obtain status information 
(RRO, RR1, RR10, and RR15). Two registers 
(RR12 and RR13) may be read to learn the 
baud rate generator time constant. RR2 con- 
tains either the unmodified interrupt vector 
(Channel A) or the vector modified by status 
information (Channel B). RR3 contains the 

Read Register 

| D 7 | D 6 | D 5 | D 4 [ D 3 | D 2 | D, | D | 

L 



Li 



Read Register 1 



D 7 D 6 D 5 D 4 D 3 D 2 D, D 



Rx CHARACTER AVAILABLE 

ZERO COUNT 

Tx BUFFER EMPTY 

DCD 

SYNC/HUNT 

CTS 

Tx UNDERRUN/EOM 

BREAK/ABORT 



ALL SENT 
RESIDUE CODE 2 
RESIDUE CODE 1 



■ RESIDUE CODE 

- PARITY ERROR 

- Rx OVERRUN ERROR 

- CRC/FRAMING ERROR 

- END OF FRAME (SDLC) 



Interrupt Pending (IP) bits (Channel A). 
Figure 10 shows the formats for each read 
register. 

The status bits of RRO and RR1 are carefully 
grouped to simplify status monitoring; e.g., 
when the interrupt vector indicates a Special 
Receive Condition interrupt, all the appro- 
priate error bits can be read from a single 
register (RR1). 

Read Register 10 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | P 1 | D "] 



Li 



L. 



- LOOP SENDING 



" TWO CLOCKS MISSING 
- ONE CLOCK MISSING 



Read Register 12 

\ D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | P, | D„ | 

L, 



Li: 



■ TC 2 

- TC 3 

- TC 4 

- TC 5 

- TC 6 
• TC 7 



N 

§ 

E 

8 



Read Register 2 

| D 7 I D 6 | D 5 | D 4 | D 3 I D 2 | D, | D | 



U 1 

Vi 

-v 2 

- v 3 

- v 4 

- V 5 

- v 6 

- v 7 



•MODIFIED IN B CHANNEL 

Read Register 3 

| D 7 | D 6 I D 5 I D 4 I D 3 I D 2 | D, I D | 

L 



Li 



► INTERRUPT VECTOR * 



CHANNEL B EXT/STAT IP* 
CHANNEL B Tx IP* 
CHANNEL B Rx IP* 
CHANNEL A EXT/STAT IP* 
CHANNEL A Tx IP* 
CHANNEL A Rx IP* 



'ALWAYS IN B CHANNEL 



Read Register 13 

| D 7 | D 6 | D 5 | D 4 1 D 3 | D 2 1 D, | D "| 

L, 



Li; 



- TC 10 
■ TC11 

- TC12 

- TC13 

- TC14 

- TCis 



UPPER BYTE OF 
TIME CONSTANT 



Read Register 15 

| D 7 | Dp | D 5 | D 4 | D 3 | D 2 1 D 1 | Dp"] 

L. 



Li 



ZERO COUNT IE 



- DCD IE 

- SYNC/HUNT IE 



- Tx UNDERRUN/EOM IE 

- BREAK/ABORT IE 



Figure 10. Read Register Bit Functions 
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Programming Write Registers. The Z-SCC contains 13 write 
(Continued) registers (14 counting WR8 ; the transmit 

buffer) in each channel. These write registers 
are programmed separately to configure the 
functional "personality" of the channels. In 
addition, there are two registers (WR2 and 



WR9) shared by the two channels that may be 
accessed through either of them. WR2 contains 
the interrupt vector for both channels, while 
WR9 contains the interrupt control bits. Figure 
1 1 shows the format of each write register. 



Write Register 

j D 7 | D 6 | D 5 | D 4 | D 3 | D-, | D, | D„ | 





1 

1 

1 1 

1 
1__0__1 
1 1 



0__0 

1 

1 



NULL CODE 

NULL CODE 

SELECT SHIFT LEFT MODE* 

SELECT SHIFT RIGHT MODE* 



NULL CODE 

NULL CODE 

RESET EXT/STATUS INTERRUPTS 

SEND ABORT 

ENABLE INT ON NEXT Rx CHARACTER 

RESET Tx INT PENDING 

ERROR RESET 

RESET HIGHEST IUS 



NULL CODE 

RESET Rx CRC CHECKER 
RESET Tx CRC GENERATOR 
RESET Tx UNDERRUN/EOM LATCH 



*B CHANNEL ONLY 



Write Register 1 

| D 7 | D 6 1 D 5 1 D 4 J D 3 | D 2 ] D, | Dp ] 



0__0 

1 

1 ~0 



LL 



EXT INT ENABLE 
Tx INT ENABLE 
PARITY IS SPECIAL CONDITION 



Rx INT DISABLE 

Rx INT ON FIRST CHARACTER OR SPECIAL CONDITION 
INT ON ALL Rx CHARACTERS OR SPECIAL CONDITION 
Rx INT ON SPECIAL CONDITION ONLY 



■ WAIT/DMA REQUEST ON RECEIVE/TRANSMIT 

■ WAIT/DMA REQUEST FUNCTION 

■ WAIT/DMA REQUEST ENABLE 



Write Register 2 

| D 7 | D 6 I D 5 | D 4 | D 3 | D 2 | D, | D | 



L 



-V 3 I 

■ v 4 / 



INTERRUPT VECTOR 



Write Register 3 

| D 7 | D 6 | D 5 | D 4 [ D 3 [ D 2 | D 1 | Dp | 




~1 

i~~o 



Rx ENABLE 

SYNC CHARACTER LOAD INHIBIT 

ADDRESS SEARCH MODE (SDLC) 

Rx CRC ENABLE 

ENTER HUNT MODE 

AUTO ENABLES 



Rx 5 BITS/CHARACTER 
Rx 7 BITS/CHARACTER 
Rx 6 BITS/CHARACTER 
Rx 8 BITS/CHARACTER 



Write Register 4 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | D | 

L 




1 

i~~o 



LL 



s 

o 



PARITY ENABLE 
PARITY EVEN/ODD 



SYNC MODES ENABLE 
1 STOP BIT/CHARACTER 

1 Vi STOP BITS/CHARACTER 

2 STOP BITS/CHARACTER 



8 BIT SYNC CHARACTER 
16 BIT SYNC CHARACTER 
SDLC MODE (01111110 FLAG) 
EXTERNAL SYNC MODE 



X1 CLOCK MODE 
X16 CLOCK MODE 
X32 CLOCK MODE 
X64 CLOCK MODE 



Write Register 5 

| D 7 | D 6 [ D 5 | D 4 | D 3 | D 2 [ D 1 | D | 

L 





1 



Lh 



Tx CRC ENABLE 
RTS 

SDLC/CRC 16 
Tx ENABLE 
SEND BREAK 



Tx 5 BITS (OR LESS)/CHARACTER 
Tx 7 BITS/CHARACTER 
Tx 6 BITS/CHARACTER 
Tx 8 BITS/CHARACTER 



■ DTR 



Write Register 6 





| D 7 | D 6 | D 5 [ D 4 | D 3 | D 2 | D, | D | 




I 








i 




















r 


h 


I 



SYNC 7 


SYNC 6 


SYNC5 


SYNC4 


SYNC3 


SYNC 2 


SYNC1 


SYNCo 


MONOSYNC, 8 BITS 


SYNCi 


SYNCo 


SYNC5 


SYNC4 


SYNC3 


SYNC 2 


SYNC1 


SYNCo 


MONOSYNC, 6 BITS 


SYNC 7 


SYNC 6 


SYNC5 


SYNC4 


SYNC3 


SYNC 2 


SYNC1 


SYNCo 


BISYNC, 16 BITS 


SYNC3 


SYNC 2 


SYNC1 


SYNCo 


1 


1 


1 


1 


BISYNC, 12 BITS 


ADR7 


ADR 6 


ADR 5 


ADR 4 


ADR3 


ADR 2 


ADR1 


ADRo 


SDLC 


ADR7 


ADR 6 


ADR 5 


ADR4 


x 


x 


x 


x 


SDLC (ADDRESS RANGE) 



Figure 11. Write Register Bit Functions 
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Programming 

(Continued) 



Write Register 7 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | Pi | D | 



L 



r n 



SYNC7 


SYNC 6 


SYNC5 


SYNC4 


SYNC3 


SYNC 2 


SYNC1 


SYNCo 


MONOSYNC, 8 BITS 


SYNC5 


SYNC4 


SYNC3 


SYNC 2 


SYNC1 


SYNCo 


X 


X 


MONOSYNC, 6 BITS 


SYNCi 5 


SYNC14 


SYNC13 


SYNC12 


SYNCn 


SYNC10 


SYNC9 


SYNC 8 


BISYNC, 16 BITS 


SYNC11 


SYNC10 


SYNC9 


SYNC 8 


SYNC7 


SYNC 6 


SYNC5 


SYNC4 


BISYNC, 12 BITS 





1 


1 


1 


1 


1 


1 





SDLC 



Write Register 9 

| D 7 | D 6 | D 5 | D 4 I D 3 | D 2 ] D 1 l Dp] 



0__0 
0__1 

1 



NV 

- DLC 

- MIE 

■ STATUS HIGH/STATUS LOW 



NO RESET 
CHANNEL RESET B 
CHANNEL RESET A 
FORCE HARDWARE RESET 



Write Register 10 

I D 7 J D 6 I D 5 I D 4 I D 3 I D 2 I D, J D I 



0__0 

1 

1 ~0 



L L 



L. 



BIT/8~BTT SYNC 
LOOP MODE 

ABORT/FLAG" ON UNDERRUN 
MARK/FLAG" IDLE 
GO ACTIVE ON POLL 



NRZ 

NRZI 

FM1 (TRANSITION = 1) 

FMO (TRANSITION = 0) 



■ CRC PRESET I/O 



Write Register 11 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | Dp | 



0__0 
0__1 
1 



1 o 



TRxC" OUT = XTAL OUTPUT 
TRxC" OUT = TRANSMIT CLOCK 
TRxC OUT = BR GENERATOR OUTPUT 
TfixC" OUT = DPLL OUTPUT 
TRxCO/T 



TRANSMIT CLOCK = RTxC" PIN 

TRANSMIT CLOCK = TRxC PIN 

TRANSMIT CLOCK = BR GENERATOR OUTPUT 

TRANSMIT CLOCK = DPLL OUTPUT 



RECEIVE CLOCK = RTxC PIN 

RECEIVE CLOCK = THx5 PIN 

RECEIVE CLOCK = BR GENERATOR OUTPUT 

RECEIVE CLOCK = DPLL OUTPUT 



■ RTxC XTAL/NO XTAL 



Write Register 12 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D t | D "| 



L 



Write Register 13 

| D 7 | D 6 | D s | D 4 | D 3 | D 2 | D, | D "| 

I Ltc 

I TC 9 



Write Register 14 

| D 7 I D 6 I D 5 | D 4 | D 3 | D 2 | D 1 [ D | 




1 
0_ J 

1 1 

T" o "o 
i__o__2 

1 1 



Lh 



BR GENERATOR ENABLE 
BR GENERATOR SOURCE 
DTR7REQUEST FUNCTION 
AUTO ECHO 
LOCAL LOOPBACK 



NULL COMMAND 

ENTER SEARCH MODE 

RESET MISSING CLOCK 

DISABLE DPLL 

SET SOURCE = BR GENERATOR 

SET SOURCE = RTxC 

SET FM MODE 

SET NRZI MODE 



Write Register 15 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | D "j 

L. 



Lh 



ZERO COUNT IE 

- 

- DCD IE 

" SYNC/HUNT IE 

- CTS IE 

- Tx UNDERRUN/EOM IE 

- BREAK/ABORT IE 



Figure 11. Write Register Bit Functions (Continued) 
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Timing The Z-SCC generates internal control signals 

from AS and DS that are related to PCLK. 
Since PCLK has no phase relationship with 
AS and DS, the circuitry generating these 
internal control signals must provide time for 
metastable conditions to disappear. This gives 
rise to a recovery time related to PCLK. The 
recovery time applies only between bus trans- 
actions involving the Z-SCC. The recovery 
time required for proper operation is specified 
from the rising edge of DS in the first transac- 
tion involving the Z-SCC to the falling edge of 



DS in the second transaction involving the 
Z-SCC. This time must be at least 6 PCLK 
cycles plus 200 ns. 

Read Cycle Timing. Figure 12 illustrates read 
cycle timing. The ad dress on ADQ-AD7 and 
the state of CS andJNTA_CK are latched by 
the rising edge of AS. R/W must be High to 
indicate a Read cycle. CSi must also be High 
for the Read cycle to occur. The data bus 
drivers in the Z-SCC are then enabled while 
DS is Low. 



X 



7" 



I_ 



> 



7" 



1 

CO 

o 

c 



7" 



\_ 



"Y 



f 



Figure 12. Read Cycle Timing 



Write Cycle Timing. Figure 13 illustrates 
Write cycle timing. The address o n AD0-AD7 
and the state of CS and INTACK are latched 
by the rising edge of AS. R/W must be Low to 



indicate a Write cycle. CSi must be High for 
the Write cycle to occur. DS Low strobes the 
data into the Z-SCC. 



cs 



^ L 



7 ^ 



~ y aooress y y 



DC 



X 



7" 



x: 



DS 



"V 



f 



Figure 13. Write Cycle Timing 



Interrupt Acknowledge Cycle Timing. 

Figure 14 illustrates Interrupt Acknowledge 
cycle timing. The address on AD0-AD7 and 
the state of CS and INTACK are latched by 



the rising edge of AS. However, if INTACK is 
Low, the address and CSo are ignored. The 
state of the R/W and CSi are also ignored for 
the duration of the Interrupt Acknowledge 



2016-012,013 
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Timing cycle. Between the rising edge of AS and the 

(Continued) falling edge of DS, the internal and external 

IEI/IEO daisy chains settle. If there is an inter- 
rupt pending in the Z-SCC and IEI is High 
when DS falls, the Acknowledge cycle was 



intended for the Z-SCC. In this case, the 

Z-SCC may be programmed to respond to DS 
Low by placing its interrupt vector on 
AD0-AD7. It then sets the appropriate 
Interrupt- Under- Service latch internally. 



~-ff- 



X 



^ L 






^DC 



w>- 



"V 



f 



Figure 14. Interrupt Acknowledge Cycle Timing 



Absolute Voltages on all inputs and outputs 

Maximum with respect to GND -0.3 V to + 7.0 V 

Ratings Operating Ambient 

Temperature As Specified in 

Ordering Information 

Storage Temperature -65°Cto +150°C 



Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



Standard The characteristics below apply for the 

Test following standard test conditions, unless 

Conditions otherwise noted. All voltages are referenced to 
GND. Positive current flows into the refer- 
enced pin. Standard conditions are as follows: 




■ +4.75 V < V cc < +5.25 V 

■ GND = V 

■ Ta as specified in Ordering Information 

All ac parameters assume a load capacitance 
of 50 pF max. 



1. 



Figure 15. Standard Test Load 



Figure 16. Open-Drain Test Load 



DC 


Symbol 


Parameter 


Min 


Max 


Unit 


Condition 


Charac- 














teristics 


VlH 


Input High Voltage 


2.0 


V C c + 0.3 


V 






VlL 


Input Low Voltage 


-0.3 


0.8 


V 






VoH 


Output High Voltage 


2.4 




V 


I OH = -250^A 




Vol 


Output Low Voltage 




0.4 


V 


Iql= +2.0 mA 




IlL 


Input Leakage 




±10.0 


liA 


0.4 < Vi N < + 2.4V 




IOL 


Output Leakage 




±10.0 


fiA 


0.4 < Vout ^ +2.4V 




Ice 


Vcc Supply Current 




250 


mA 






V CC =5V 


± 5% unless otherwise specified, over specified temperature range. 






Capacitance 


Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 




Qn 


Input Capacitance 




10 


pf 


Unmeasured Pins 




COUT 


Output Capacitance 




15 


pf 


Returned to Ground 




Q/o 


Bidirectional Capacitance 




20 


pf 






f = 1 MHz, 


over specified temperature range. 











646 



2016-014 8085-006,001 



Read and 

Write 

Timing 




S 

o 



No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*t 



1 TwAS 

2 TdDS(AS) 

3 TsCSO(AS) 

4 ThCSO(AS) 

5 — TsCSl(DS)- 

6 ThCSl(DS) 

7 TsIA(AS) 

8 ThlA(AS) 

9 TsRWR(DS) 

10 — ThRW(DS) — 

11 TsRWW(DS) 

12 TdAS(DS) 

13 TwDSl 

14 TrC 



15 — TsA(AS) — 

16 ThA(AS) 

17 TsDW(DS) 

18 ThDW(DS) 

19 TdDS(DA) 
20 — TdDSr(DR)- 

21 TdDSf(DR) 

22 TdAS(DR) 



AS Low Width 
DS t to AS I Delay 
CSq to AS t Setup Time 
CS to AS t Hold Time 

-CSi to DS 1 Setup Time 

CSi to D S t Hold Time 
INTACK to AS t Setup Time 
INTACK to ASJLHold Time 
R/W (Read) to DS I Setup Time 

-R/WtoDS t Hold Time - 



R/W (Write) to DS 1 Setup Time 

AS t to DS I Delay 

DS Low Width 

Valid Access Recovery Time 



-Address to AS t Setup Time 

Address to ASJ_Hold Time 
Write Data to DS i Setup Time 
Write Data to DS t Hold Time 
DS 1 to Data Active Delay 

-DS t to Read Data Not Valid Delay - 
DS \ to Read Data Valid Delay 
AS t to Read Data Valid Delay 



70 

50 



60 

— 100 — 

55 



250 

100 

— 55 — 



60 

390 

6TcPC 

+ 200 

— so- 
so 

30 
30 

— 



250 
520 



50 

25 



40 

-80- 

40 



250 



40 — 



40 

250 

6TcPC 

+ 130 

10 — 

30 

20 

20 



— 



180 
335 



NOTES: 

1 . Parameter does not apply to Interrupt Acknowledge 
transactions, 



2 Parameter applies only between transactions involving the SCC. 
*Timings are preliminary and subject to change. 
TUnits in nanoseconds (ns). 
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Interrupt 

Acknowledge 

Timing 




Reset 
Timing 




Cycle 
Timing 




No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*t 



23 


TdDS(DRz) 


DS t to Read Data Float Delay 




70 




45 


3 


24 


TdA(DR) 


Address Required Valid to Read Data Valid Delay 




570 




420 




25 


TdDS(W) 


DS I to Wait Valid Delay 




240 




200 


4 


26 


TdDSf(REQ) 


DS i to W/REQ Not Valid Delay 




240 




200 




27- 


-TdDSr(REQ)— 


— DS I to DTR/REQ Not Valid Delay 




-5TcPC — 
+ 300 




-5TcPC 

+ 250 




28 


TdAS(INT) 


AS t to INT Valid Delay 




500 




500 


4 


29 


TdAS(DSA) 


AS t to DS 1 (Acknowledge) Delay 


250 




250 




5 


30 


TwDSA 


DS (Acknowledge) Low Width 


390 




250 






31 


TdDSA(DR) 


DS i (Acknowledge) to Read Data Valid Delay 




250 




180 




32 - 


TcIEI(DSA) ■ 


IEI to DS 1 (Acknowledge) Setup Time 


120 




100 






33 


ThlEI(DSA) 


IEI to DS t (Acknowledge) Hold Time 














34 


TdlEI(IEO) 


IEI to IEO Delay 




120 




100 




35 


TdAS(IEO) 


AS t to IEO Delay 




250 




250 


6 


36 


TdDSA(INT) 


DS I (Acknowledge) to INT Inactive Delay 




500 




500 


4 


37- 


-TdDS(ASQ) — 


— DS t to AS 1 Delay for No Reset 


— SO- 


















38 


TdASQ(DS) 


AS t to DS 1 Delay for No Reset 


SO 




30 






39 


TwRES 


AS and DS Coincident Low for Reset 


250 




250 




7 


40 


TwPCl 


PCLK Low Width 


105 


2000 


70t 


1000 




41 


TwPCh 


PCLK High Width 


105 


2000 


70t 


1000 




42- 


-TcPC 


— PCLK Cycle Time 


-250- 


— 4000 


— 165°- 


-2000 




43 


TrPC 


PCLK Rise Time 




20 




15 




44 


TfPC 


PCLK Fall Time 




20 




10 





NOTES: 

3. Float delay is defined as the time required for a ± 5 V change in the output with a maximum dc load and minimum ac load. 

4. Open-dram output, measured with open-drain test load. 

5. Parameter is system dependent For any Z-SCC in the daisy chain, TdAS(DSA) must be greater than the sum of TdAS(IEO) for the highest priority device in the daisy 
chain, TsIEI(DSA) for the Z-SCC, and TdlEIf(IEO) for each device separating them in the daisy chain. 

6. Parameter applies only to a Z-SCC pulling INT Low at the beginning of the Interrupt Acknowledge transaction. 

7. Internal circuitry allows for the reset provided by the Z8 to be recognized as a reset by the Z-SCC. 

* Timings are preliminary and subject to change. All timing references assume 2.0 V for a logic "1" and 0.8 V for a logic "0". 

t Units m nanoseconds (ns). 

X Parameter equals 64 ns for Z8030A SL441 version compatible with Tl operation. 

Parameter equals 153 ns for Z8030A SL441 version compatible with Tl operation. 
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2016-016,017,018 



General 
Timing 




SYNC 

INPUT 



@ H r* 



N 

s 



-©- 
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4 MHz 


6 MHz 




No. 


Symbol 


Parameter 


Min 


Max 


Min 


Max 


Notes*t 


1 


TdPC(REQ) 


PCLK i to W/REQ Valid 




250 




250 




2 


TdPC(W) 


PCLK 1 to Wait Inactive Delay 




350 




350 




3 


TsRXC(PC) 


RxC t to PCLK t Setup Time (PCLK + 


4 case only) 80 


TwPCL 


70 


TwPCL 


1,4 


4 
5- 


TsRXD(RXCr) 
-ThRXD(RXCr)- 


RxD to RxC 1 Setup Time (XI Mode) 












1 


nxJJ to nxL I nolo, lime {AL Mode; 


lou 




iou — 






6 


TsRXD(RXCf) 


RxD to RxC 1 Setup Time (XI Mode) 












1,5 


7 


ThRXD(RXCf) 
TsSY(RXC) 


RxD to RxC 1 Hold Time (XI Mode) 


150 
-200 




150 
-200 




1,5 


8 


SYNC to RxC t Setup Time 


1 


9 


ThSY(RXC) 


SYNC to RxC t Hold Time 


3TcPC 




3TcPC 






lO- 






+ 200 




+ 200 




1 


ISlAU(rU| 


lxU i to rULJs. 1 oeLup lime 


u — 




u 






ll 


TdTXCf(TXD) 


TxC I to TxD Delay (XI Mode) 




300 




300 


2 


12 


TdTXCr(TXD) 


TxC t to TxD Delay (XI Mode) 




300 




300 


2,5 


13 


TdTXD(TRX) 


TxD to TRxC Delay (Send Clock Echo) 




200 




200 




14 
15- 


TwRTXh 


RTxC High Width 


180 




180 




6 


— J WlllAl 


KlxO Low Wiuln 


loU 




loU 1 " 




o 


16 


TcRTX 


RTxC Cycle Time 


400 




400 




6 


17 


TcRTXX 


Crystal Oscillator Period 


250 


1000 


250 


1000 


3 


18 


TwTRXh 


TRxC High Width 


180 




180 




6 


19 
20- 


TwTRXl 


TRxC Low Width 


180 
400— 




180 




6 


lClllA 


InxO Uycle lime 




4UU""" 







21 


TwEXT 
TwSY 


DCD or CTS Pulse Width 


200 
200 




200 






22 


SYNC Pulse Width 





NOTES: 

1 . RxC is RTxC or TRxC, whichever is supplying the receive 
clock 

2. TxC is TRxC or RTxC, whichever is supplying the transmit 
clock. 

3 Both RTxC and SYNC have 30 pf capacitors to the ground 

connected to them 
4. Parameter applies only if the data rate is one-fourth the PCLK 

rate In all other cases, no phase relationship between RxC and 

PCLK or TxC and PCLK is required. 



5. Parameter applies only to FM encoding/decoding. 

6. Parameter applies only for transmitter and receiver; DPLL and 
baud rate generator timing requirements are identical to chip 
PCLK requirements. 

* Timings are preliminary and subject to change, 
t Units in nanoseconds (ns). 
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No. Symbol 


Parameter 








Min 


Max 


Min Max 


Notes* 


1 TdRXC(REQ) 


RxC t to W/REQ Valid Delay 










8 


12 


8 12 


2,4 


2 TdRXC(W) 


RxC t to Wait Inactive Delay 










8 


12 


8 12 


1,2,4 


3 TdRXC(SY) 


RxC t to SYNC Valid Delay 










4 


7 


4 7 


2,4 


4 TdRXC(INT) 


RxC t INT Valid Delay 










8 


12 


8 12 


1,2,4 












+ 2 


+ 3 


+ 2 +3 


5 


5— TdTXC(REQ)- 


— TxC I to W/REQ Valid Delay 










5 


8 


5 s 


3,4 — 


6 TdTXC(W) 


TxC J to Wait Inactive Delay 










5 


8 


5 8 


1,3,4 


7 TdTXC(DRQ) 


TxC i to DTR/REQ Valid Delay 










4 


7 


4 7 


3,4 


8 TdTXC(INT) 


TxC 1 to INT Valid Delay 










4 


6 


4 6 


1,3,4 












+ 2 
2 


+ 3 
3 


+ 2 +3 
2 3 


5 


9 TdSY(INT) 


SYNC Transition to INT Valid Delay 


1,5 


10 TdEXT(INT) 


DCD or CTS Transition to INT Valic 


ID 


elay 






2 


3 


2 3 


1,5 



NOTES. 

1 . Open - drain o ut put, m easured with open-dram test load. 

2. RxC is RTxC or TRxC, whichever is supplying the receive 
clock . 

3. TxC is TRxC or RTxC, whichever is supplying the transmit 
clock. 



4. Units equal to TcPC. 

5. Units equal to AS. 

* Timings are preliminary and subject to change. 
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ORDERING INFORMATION 



40-pin DIP 

Z8030 PS 
Z8030 CS 
Z8030 PE 
Z8030 CE 
Z8030CM* 
Z8030CMB* 



Z8030Z-SCC,4.0MHz 
44-pin LCC 

Z8030LM* 
Z8030LMB*t 



44-pin PCC 

Z8030VS 



40-pin DIP 

Z8030A PS 

Z8030ACS 

Z8030A PE 

Z8030ACE 

Z8030ACM* 

Z8030ACMB* 



Z8030AZ-SCC,6.0MHz 
44-pin LCC 

Z8030ALM* 
Z8030ALMB*t 



44-pin PCC 

Z8030AVS 



Z8030A Z-SCC, 6.5 MHz— T1 Compatible 



40-pin DIP 

Z8030APSSL441 
Z8030ACSSL441 



44-pin PCC 

Z8030AVSSL441 



Codes 

First letter is for package; second letter is for temperature. 

C = Ceramic DIP 

P = Plastic DIP 

L = Ceramic LCC 

V = Plastic PCC 



TEMPERATURE 
S - 0°Cto+70°C 
E . -40°Cto+85°C 
M*= -55°Cto+125°C 

Example: PS is a plastic DIP, 0°C to + 70°C. 



t Available soon. 

*For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 

FLOW 

B = 883 Class B 
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Z8031Z8000® Z-ASCC 
Asynchronous Serial 
Communications Controller 



Zilog 



Product 
Specification 



April 1985 



Features ■ Two independent, to 1M bit/second, full- 

duplex channels, each with a separate 
crystal oscillator and baud rate generator. 

■ Programmable for NRZ, NRZI, or FM data 
encoding. 

■ Local Loopback and Auto Echo modes. 



Asynchronous communications with five to 
eight bits per character and one, one and 
one-half, or two stop bits per character; pro- 
grammable clock factor; break detection 
and generation; parity, overrun, and fram- 
ing error detection. 



1 

GO 

in 

8 



General The Z8031 Z-ASCC Asynchronous Serial 

Description Communications Controller is a dual-channel 
data communications peripheral designed for 
use with the Zilog Z-BUS. The Z-ASCC func- 
tions as a serial-to-parallel, parallel-to-serial 
converter/controller. The device contains a 
variety of new, sophisticated internal functions 
including on-chip baud rate generators and 
crystal oscillators that dramatically reduce the 
need for external logic. 

The Z-ASCC has facilities for modem con- 
trols in both channels. In applications where 
these controls are not needed, the modem con- 
trols can be used for general-purpose I/O. 

The Z-BUS daisy-chain interrupt hierarchy 
is also supported — as is standard for Zilog 
peripheral components. 



ADDRESS/ 
DATA BUS 



BUS ( 

TIMING { 

AND RESET I 



AD 7 
AD 6 
AD 6 
AD 4 
AD 3 
AD 2 
AD, 
AD 



TxDA 
RxDA 
TRxCA 
RTxCA 
IlA 



W/REQA 
DTR/REQA 
RTSA 
CTSA 
DCDA 
TxDB 
RxDB 
TRxCB 
NT RTxCB 

NTACK RIB 

El W/REQB 

EO DTR/REQB 

RTSl 
Z8031 CTSB 
OCDB 



R/W 
CSi 

cs5 



Z-ASCC 



I CHANNEL 
I CLOCKS 



CHANNEL 
CONTROLS 
FOR MODEM, 
DMA, OR 
OTHER 



I CHANNEL 
| CLOCKS 



CHANNEL 
CONTROLS 
FOR MODEM, 
DMA, OR 
OTHER 



>CH-B 



TTT 

+ SV QND PCLK 



Figure 1. Pin Functions 
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13 




28 


2 RTxCB 


TRxCA C 


14 




27 


2 RxDB 


TxDA C 


15 




26 


2 TRxCB 


DTR/REQA £ 


16 




25 


] TxDB 


RTSA C 


17 




24 


2 DTR/REQB 


CTSA C 


18 




23 


] rtsb 


DCDA C 


19 




22 


2 CTSB 


PCLK C 


20 




21 


2 DCDB 


Figure 2a. 40-Pin Dual-In-Line Package (DIP), 


Pin Assignments 
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Figure 2b. 44-Pin Chip Carrier, 
Pin Assignments 
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Pin The following section describes the pin 

Description functions of the Z-ASCC. Figures 1 and 2 

detail the respective pin functions and pin 

assignments. 

AD0-AD7. Address/Data Bus (bidirectional, 
active High, 3-state). These multiplexed lines 
carry register addresses to the Z-ASCC as well 
as data or control information to and from 
the Z-ASCC. 

AS. Address Strobe (input, active Low). 
Addresses on AD0-AD7 are latched by the ris- 
ing edge of this signal. 

CSo. Chip Select (input, active Low). This 
signal is latched concurrently with the 
addresses on AD0-AD7 and must be active for 
the intended bus transaction to occur. 

CSi. Chip Select 1 (input, active High). This 
second select signal must also be active before 
the intended bus transaction can occur. CSi 
must remain active throughout the transaction. 



CTSA, CTSB. Clear to Send (inputs, active 
Low). If these pins are programmed as Auto 
Enables, a Low on the inputs enables their 
respective transmitters. If not programmed as 
Auto Enables, they may be used as general- 
purpose inputs. Both inputs are Schmitt- trigger 
buffered to accommodate slow rise-time inputs. 
The Z-ASCC detects pulses on these inputs 
and can interrupt the CPU on both logic level 
transitions. 



DCDA, DCDB. Data Carrier Detect (inputs, 
active Low). These pins function as receiver 
enables if they are programmed for Auto 
Enables; otherwise they may be used as 
general-purpose input pins. Both pins are 
Schmitt-trigger buffered to accommodate slow 
rise-time signals. The Z-ASCC detects pulses 
on these pins and can interrupt the CPU on 
both logic level transitions. 

DS. Data Strobe (input, active Low). This 
signal provides timing for the transfer of data 
into and out of the Z-ASCC. If AS and DS 
coincide, this is interpreted as a reset. 

DTR/REQA, DTR/REQB. Data Terminal 
Beady/Bequest (outputs, active Low). These 
outputs follow the state programmed into the 
DTR bit. They can also be used as general- 
purpose outputs or as Reguest lines for a DMA 
controller. 

IEI. Interrupt Enable In (input, active High). 
IEI is used with IEO to form an interrupt daisy 
chain when there is more than one interrupt- 
driven device. A High IEI indicates that no 
other higher priority device has an interrupt 
under service or is reguesting an interrupt. 

IEO. Interrupt Enable Out (output, active 
High). IEO is High only if IEI is High and the 
CPU is not servicing a Z-ASCC interrupt or 
the Z-ASCC is not reguesting an interrupt 
(Interrupt Acknowledge cycle only). IEO is 



connected to the next lower priority device's 
IEI input and thus inhibits interrupts from 
lower priority devices. 

INT. Interrupt Bequest (output, open-drain, 
active Low). This signal is activated when the 
Z-ASCC requests an interrupt. 



INTACK. Interrupt Acknowledge (input, active 
Low). This signal indicates an active Interrupt 
Acknowledge cycle. During this cycle, the 
Z-ASCC interrupt daisy chain settles. When 
DS becomes active, the Z-ASCC places an 
interru pt vector on the data bus (if IEI is 
High). INTACK is latched by the rising edge 
of AS. 

PCLK. Clock (input). This is the master 
Z-ASCC clock used to synchronize internal 
signals. PCLK is not required to have any 
phase relationship with the master system 
clock, although the frequency of this clock 
must be at least 90% of the CPU clock fre- 
quency for a Z8000. PCLK is a TTL level 
signal. 

RxDA, RxDB. Beceive Data (inputs, active 
High). These input signals receive serial data 
at standard TTL levels. 

RIA, RIB. Bing Indicator (inputs, active Low). 
These pins can act either as inputs or as part 
of the crystal oscillator circuit. 

In normal operation (crystal oscillator option 
not s elect ed), t hese pins are inputs similar to 
CTS and DCD. In this mode, transitions on 
these lines affect the state of the Ring Indicator 
status bits in Read Register (Figure 8) but 
have no other function. 



RTxCA, RTxCB. Beceive/Transmit Clocks 
(inputs, active Low). These pins can be pro- 
grammed in several di fferent modes of opera- 
tion. In each channel, RTxC may supply the 
receive clock, the transmit clock, the clock for 
the baud rate generator, or the clock of the 
Digital Phase- Locked Loop. These pins can 
also be programmed for use with the respec- 
tive RI pins as a crystal oscillator. The receive 
clock may be 1, 16, 32, or 64 times the data 
rate in Asynchronous modes. 



RTSA, RTSB. Bequest To Send (outputs, 
active Low). When the Request To Send (RTS) 
bit i n Write Register 5 (Figure 9) is set, the 
RTS signal goes Low. When the RTS bit is 
reset and Auto Enable is on, the signal goes 
High after the trans mitter is empty. With Auto 
Enable off, the RTS pm strictly follows the state 
of the RTS bit. Both pins can be used as 
general-purpose outputs. 

R/W. Bead/Write (input). This signal specifies 
whether the operation to be performed is a 
read or a write. 

TxDA, TxDB. Transmit Data (outputs, active 
High). These output signals transmit serial data 
at standard TTL levels. 
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Pin TRxCA, TRxCB. Transmit/Receive Clocks 

Description (inputs or outputs, active Low). These pins can 
(Continued) be progra mmed in several different modes of 
operation. TRxC may supply the receive clock 
or the transmit clock in the input mode or sup- 
ply the output of the Digital Phase-Locked 
Loop, the crystal oscillator, the baud rate 
generator, or the transmit clock in the output 
mode. 



W/REQA, W/REQB. Wait/Request (outputs, 
open-drain when programmed for a Wait func- 
tion, driven High or Low when programmed 
for a Reguest function). These dual-purpose 
outputs may be programmed as Reguest lines 
for a DMA controller or as Wait lines to 
synchronize the CPU to the Z-ASCC data rate. 
The reset state is Wait. 



Functional The functional capabilities of the Z-ASCC 

Description can be described from two different points 
of view: as a data communications device, 
it transmits and receives data in a wide 
variety of data communications protocols; 
as a Z8000 peripheral, it interacts with the 
CPU and other peripheral circuits and is part 
of the system interrupt structure. 

Data Communications Capabilities. The 

Z-ASCC provides two independent full-duplex 
channels programmable for use in any com- 
mon Asynchronous data communication pro- 
tocol. Figure 3 and the following description 
briefly detail this protocol. 

Asynchronous Modes. Transmission and 
reception can be accomplished independently 
on each channel with five to eight bits per 
character, plus optional even or odd parity. 
The transmitters can supply one, one-and-a- 
half, or two stop bits per character and can 
provide a break output at any time. The 
receiver break-detection logic interrupts the 
CPU both at the start and at the end of a 
received break. Reception is protected from 
spikes by a transient spike-rejection 
mechanism that checks the signal one- half a 
bit time after a Low level is detected on the 
receive data input (RxDA or RxDB in 
Figure 1). If the Low does not persist (as in the 
case of a transient), the character assembly 
process does not start. 

Framing errors and overrun errors are 
detected and buffered together with the partial 
character on which they occur. Vectored inter- 
rupts allow fast servicing of error conditions 
using dedicated routines. Furthermore, a 
built-in checking process avoids the interpreta- 
tion of a framing error as a new start bit: a 
framing error results in the addition of one-half 
a bit time to the point at which the search for 
the next start bit begins. 

The Z-ASCC does not reguire symmetric 
transmit and receive clock signals — a feature 
allowing use of the wide variety of clock 
sources. The transmitter and receiver can 



handle data at a rate of 1/16, 1/32, or 1/64 of 
the clock rate supplied to the receive and 
transmit clock inputs. 

Baud Rate Generator. Each channel in the 
Z-ASCC contains a programmable baud rate 
generator. Each generator consists of two 8-bit 
time constant registers that form a 16-bit time 
constant, a 16-bit down counter, and a flip-flop 
on the output producing a sguare wave. On 
startup, the flip-flop on the output is set in a 
High state, the value in the time constant 
register is loaded into the counter, and the 
counter starts counting down. The output of 
the baud rate generator toggles upon reaching 
0, the value in the time constant register is 
loaded into the counter, and the process is 
repeated. The time constant may be changed 
at any time, but the new value does not take 
effect until the next load of the counter. 

The output of the baud rate generator may 
be used as either the transmit clock, the 
receive clock, or both. It can also drive the 
Digital Phase-Locked Loop (see next section). 

If the receive clock or trans mit cloc k is not 
programmed to come from the TRxC pin, the 
output of the baud rate ge nerator may be 
echoed out via the TRxC pin. 

The following formula relates the time con- 
stant to the baud rate (the baud rate is in 
bits/second and the BR clock period is in 
seconds) : 



time constant = 



PCLK 



2 (clock factor) (baud) 



Digital Phase-Locked Loop. The Z-ASCC 
contains a Digital Phase-Locked Loop (DPLL) 
to recover clock information from a data 
stream with NRZI or FM encoding. The DPLL is 
driven by a clock that is nominally 32 (NRZI) 
or 16 (FM) times the data rate. The DPLL uses 
this clock, along with the data stream, to con- 
struct a clock for the data. This clock may then 
be used as the Z-ASCC receive clock, the 
transmit clock, or both. 



I 
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MARKING LINE | | DATA | | ' | | DATA | | ' | | DATA | | ' ' MARKING L 

ASYNCHRONOUS 

Figure 3. Z-ASCC Protocol 
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Functional For NRZI encoding, the DPLL counts the 32x 

Description clock to create nominal bit times. As the 32x 
(Continued) clock is counted, the DPLL is searching the 
incoming data stream for edges (either 1 to 
or to 1). Whenever an edge is detected, the 
DPLL makefe a count adjustment (during the 
next counting cycle), producing a terminal 
count closer to the center of the bit cell. 

For FM encoding, the DPLL still counts from 
to 31, but with a cycle corresponding to two 
bit times. When the DPLL is locked, the clock 
edges in the data stream should occur between 
counts 15 and 16 and between counts 31 and 
0. The DPLL looks for edges only during a 
time centered on the 15 to 16 counting 
transition. 

The 32x clock for the DPLL ca n be pro - 
grammed to come from either the RTxC input 
or the output of the baud rate generator. The 
DPLL output may be programmed to be 
echoed out of the Z-ASCC via the TRxC pin (if 
this pin is not being used as an input). 

Data Encoding The Z-ASCC may be pro- 
grammed to encode and decode the serial data 
in four different ways (Figure 4). In NRZ 
encoding, a 1 is represented by a High level 
and a is represented by a Low level. In NRZI 
encoding, a 1 is represented by no change in 
level and a is represented by a change in 
level. In FM1 (more properly, bi-phase mark) 
a transition occurs at the beginning of every 
bit cell. A 1 is represented by an additional 
transition at the center of the bit cell and a is 
represented by no additional transition at the 
center of the bit cell. In FMO (bi-phase space), 
a transition occurs at the beginning of every 
bit cell. A is represented by an additional 
transition at the center of the bit cell, and a 1 
is represented by no additional transition at 
the center of the bit cell. In addition to these 
four methods, the Z-ASCC can be used to 
decode Manchester (bi-phase level) data by 
using the DPLL in the FM mode and program- 
ming the receiver for NRZ data. Manchester 
encoding always produces a transition at the 
center of the bit cell. If the transition is to 1, 



the bit is a 0. If the transition is 1 to the 
bit is a 1 . 

Auto Echo and Local Loopback. The Z-ASCC 
is capable of automatically echoing everything 
it receives. In Auto Echo mode, RxD is con- 
nected to TxD internally. Auto Echo mode can 
be used with NRZI or FM encoding with no 
additional delay, because the data stream is 
not decoded bef ore r etransmission. In Auto 
Echo mode, the CTS input is ignored as a 
transmitter enable (although transitions on this 
input can still cause interrupts if programmed 
to do so). In this mode, the transmitter is 
actually bypassed and the programmer is 
resp onsible for disabl ing transmitter interrupts 
and WAIT/REQUEST on transmit. 

The Z-ASCC is also capable of Local Loop- 
back. In this mode TxD is connected to RxD 
internally, just as in Auto Echo mode. 
However, in Local Loopback mode, the inter- 
nal transmit data is tied to the internal receive 
data and RxD is i gnore d (ex cept to be echoed 
out via TxD) . The CTS and DCD inputs are 
also ignored as transmit and receive enables. 
However, transitions on these inputs can still 
cause interrupts. Local Loopback works with 
NRZ, NRZI or FM coding of the data stream. 

I/O Interface Capabilities. The Z-ASCC 
offers the choice of Polling, Interrupt (vectored 
or nonvectored), and Block Transfer modes to 
transfer data, status, and control information to 
and from the CPU. The Block Transfer mode 
can be implemented under CPU or DMA 
control. 

Polling. All interrupts are disabled. Three 
status registers in the Z-ASCC are automat- 
ically updated whenever any function is per- 
formed. The idea behind polling is for the 
CPU to periodically read a status register until 
the register contents indicate the need for data 
to be transferred. Only one register needs to 
be read; depending on its contents, the CPU 
either writes data, reads data, or continues. 
Two bits in the register indicate the need for 
data transfer. An alternative is a poll of the 
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Figure 4. Data Encoding Methods 
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Functional Interrupt Pending register to determine the 
Description source of an interrupt. The status for both 
(Continued) channels resides in one register. 

Interrupts. The Z-ASCC interrupt scheme 
conforms to the Z-BUS specification. When a 
Z-ASC C respond s to an Interrupt Acknowledge 
signal (INTACK) from the CPU, an interrupt 
vector may be placed on the A/D bus. This 
vector is written in WR2 and may be read in 
RR2A or RR2B (Figures 8 and 9). 

To speed interrupt response time, the 
Z-ASCC can modify three bits in this vector to 
indicate status. If the vector is read in Channel 
A, status is never included; if it is read in 
Channel B, status is always included. 

Each of the six sources of interrupts in the 
Z-ASCC (Transmit, Receive, and Exter- 
nal/Status interrupts in both channels) has 
three bits associated with the interrupt source: 
Interrupt Pending (IP), Interrupt Under Ser- 
vice (IUS), and Interrupt Enable (IE). Opera- 
tion of the IE bit is straightforward. If the IE bit 
is set for a given interrupt source, then that 
source can request interrupts. The exception is 
when the MIE (Master Interrupt Enable) bit in 
WR9 is reset and no interrupts may be 
requested. The IE bits are write only. 

The other two bits are related to the Z-BUS 
interrupt priority chain (Figure 5). The 
Z-ASCC may request an interrupt only when 
no higher priority device is requesting one, 
e.g., when IEI is High. If the device in ques- 
tion requests an interrupt, it pulls dow n INT. 
The CPU then responds with INTACK, and the 
interrupting device places the vector on the 
A/D bus. 

In the Z-ASCC, the IP bit signals a need for 
interrupt servicing. Whe n an IP bit is 1 and 
the IEI input is High, the INT output is pulled 
Low, requesting an interrupt. In the Z-ASCC, 
if the IE bit is not set by enabling interrupts, 
then the IP for that source can never be set. 
The IP is set two or three AS cycles after the 
interrupt condition occurs. Two or three AS 
rising edges are required from the t ime an 
interrupt condition occurs until INT is acti- 
vated. The IP bits are readable in RR3A. 

The IUS bits signal that an interrupt request 
is being serviced. If an IUS is set, all interrupt 
sources of lower priority in the Z-ASCC and 



external to the Z-ASCC are prevented from 
requesting interrupts. The internal interrupt 
sources are inhibited by the state of the inter- 
nal daisy chain, while lower priority devices 
are inhibited by the IEO output of the Z-ASCC 
being pulled Low and propagated to subse- 
quent peripherals. An IUS bit is set during an 
Interrupt Acknowledge cycle if there are no 
higher priority devices requesting interrupts. 

There are three types of interrupts: 
Transmit, Receive, and External/Status. Each 
interrupt type is enabled under program con- 
trol with Channel A having higher priority 
than Channel B, and with Receiver, Transmit, 
and External/Status interrupts prioritized in 
that order within each channel. When the 
Transmit interrupt is enabled, the CPU is 
interrupted when the transmit buffer becomes 
empty. (This implies that the transmitter must 
have had a data character written into it so 
that it can become empty.) When enabled, the 
receiver can interrupt the CPU in one of 
three ways: 

■ Interrupt on First Receive Character or 
Special Receive Condition. 

■ Interrupt on All Receive Characters or 
Special Receive Condition. 

■ Interrupt on Special Receive Condition 
Only. 

Interrupt on First Character or Special Con- 
dition and Interrupt on Special Condition Only 
are typically used with the Block Transfer 
mode. A Special Receive Condition is receiver 
overrun, and, optionally, a parity error. The 
Special Receive Condition interrupt is different 
from an ordinary receive character available 
interrupt only in the status placed in the vector 
during the Interrupt Acknowledge cycle. In 
Interrupt on First Receive Character, an inter- 
rupt can occur from Special Receive Condi- 
tions any time after the first receive character 
interrupt. 

The main function of the External/Status 
int errup t is to m onitor the signal transitions of 
the CTS, DCD, and RI pins; however, an 
External/Status interrupt is also caused by a 
Transmit Underrun condition, or a zero count 
in the baud rate generator, or by the detection 
of a Break. 
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Figure 5. Z-BUS Interrupt Schedule 
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Functional CPU/DMA Block Transfer. The Z-ASCC pro- 
Description vides a Block Transfer mode to accommodate 
(Continued) CPU block transfer functions and DMA con- 
trollers. The Bloc k Transfer mode uses the 
WAIT/REQUEST output in conj unctio n with the 
Wait/Requ est bits in WR1. The WAIT/ 
REQUEST output can be defined under soft- 
ware control as a WAI T line in th e CPU Block 
Transfer mode or as a REQUEST line in the 



DMA Block Transfer mode. 

To a DMA controller, the Z-ASCC REQUEST 
output indicates that the Z-ASCC is ready to 
tra nsfer da ta to or from memory. To the CPU, 
the WAIT line indicates that the Z-ASCC is not 
ready to transfer data, thereby req uestin g that 
the CPU e xtend the I/O cycle. The DTR/ 
REQUEST line allows full-duplex operation 
under DMA control. 



Architecture The Z-ASCC internal structure includes 

two full-duplex channels, two baud rate 
generators, internal control and interrupt 
logic, and a bus interface to the Zilog Z-BUS. 
Associated with each channel are a number of 
read and write registers for mode control and 
status information, as well as logic necessary to 
interface to modems or other external devices 
(Figure 6). 

The logic for both channels provides 
formats, synchronization, and validation for 



data transferred to and from the channel inter- 
face. The modem control inputs are monitored 
by the control logic under program control. 
All of the modem control signals are general- 
purpose in nature and can optionally be used 
for functions other than modem control. 

The register set for each channel includes 
ten control (write) registers, and four status 
(read) registers. In addition, each baud rate 
generator has two (read/write) registers for 
holding the time constant that determines the 
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Figure 6. Block Diagram of Z-ASCC Architecture 
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Figure 7. Data Path 
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Architecture baud rate. Finally, associated with the inter- 
( Continued) rupt logic is a write register for the interrupt 
vector accessible through either channel, a 
write- only Master Interrupt Control register 
and three read registers: one containing the 
vector with status infomation (Channel B only), 
one containing the vector without status 
(Channel A only), and one containing the 
Interrupt Pending bits (Channel A only). 

The registers for each channel are 
designated as follows: 

WR0-WR15 — Write Registers 0-5, 8-15. 

RR0-RR3, RR10, RR12, RR13, RR15 — Read 
Registers through 3, 10, 12, 13, 15. 

Table 1 lists the functions assigned to each 
read or write register. The Z-ASCC contains 
only one WR2 and WR9, but they can be 
accessed by either channel. All other registers 
are paired (one for each channel). 

Data Path. The transmit and receive data path 
illustrated in Figure 7 is identical for both 
channels. The receiver has three 8-bit buffer 
registers in an FIFO arrangement, in addition 
to the 8-bit receive shift register. This scheme 
creates additional time for the CPU to service 
an interrupt at the beginning of a block of 
high speed data. Incoming data is routed 
through one of several paths depending on the 
selected mode (the character length deter- 
mines the data path). 

The transmitter has an 8-bit Transmit Data 
buffer register loaded from the internal data 
bus and an 11 -bit Transmit Shift register that is 
loaded from the Transmit Data register. 



Read Register Functions 



RRO Transmit/Receive buffer status and External status 

RR1 Special Receive Condition status 

RR2 Modified interrupt vector (Channel B only) 

Unmodified interrupt vector (Channel A only) 

RR3 Interrupt Pending bits (Channel A only) 

RR8 Receive buffer 

RR10 Miscellaneous status 

RR12 Lower byte of baud rate generator time constant 

RR13 Upper byte of baud rate generator time constant 

RR15 External/Status interrupt information 



Write Register Functions 



WRO CRC initialize, initialization commands for the 
various modes, shift right/shift left command 

WR1 Transmit/Receive interrupt and data transfer mode 
definition 

WR2 Interrupt vector (accessed through either channel) 

WR3 Receive parameters and control 

WR4 Transmit/Receive miscellaneous parameters and 
modes 

WR5 Transmit parameters and controls 

WR8 Transmit buffer 

WR9 Master interrupt control and reset (accessed 
through either channel) 

WR10 Miscellaneous transmitter/receiver control bits 

WR11 Clock mode control 

WR12 Lower byte of baud rate generator time constant 

WR13 Upper byte of baud rate generator time constant 

WR14 Miscellaneous control bits 

WR15 External/Status interrupt control 

Table 1. Read and Write Register Functions 



Programming The Z-ASCC contains 1 1 write registers in 
each channel that are programmed by the 
system separately to configure the functional 
personality of the channels. All of the registers 
in the Z-ASCC are directly addressable. How 
the Z-ASCC decodes the address placed on 
the address/data bus at the beginning of a 
Read or Write cycle is controlled by a com- 
mand issued in WRO^ In the shift right mode, 
the channel select A/B is taken from ADo and 
the state of AD5 is ignored. In the shift left 



mode, A/B is taken from AD5 and the state of 
ADo is ignored. AD7 and AD6 are always 
ignored as address bits and the register 
address itself occupies AD4 - ADi . 

The system program first issues a series of 
commands to initialize the basic mode of 
operation. For example, the character length, 
clock rate, number of stop bits, even or odd 
parity might be set first. Then the Interrupt 
mode would be set, and finally, receiver or 
transmitter enable. 



Programming Read Registers. The Z-ASCC contains eight 
(Continued) read registers (actually nine, counting the 

receive buffer [RR8]) in each channel. Four of 
these may be read to obtain status information 
(RRO, RR1, RR10, and RR15). Two registers 
(RR12 and RR13) may be read to learn the 
baud rate generator time constant. RR2 con- 
tains either the unmodified interrupt vector 
(Channel A) or the vector modified by status 
information (Channel B). RR3 contains the 



Interrupt Pending (IP) bits (Channel A). 
Figure 8 shows the formats for each read 
register. 

The status bits of RRO and RR1 are carefully 
grouped to simplify status monitoring; e.g., 
when the interrupt vector indicates a Special 
Receive Condition interrupt, all the appro- 
priate error bits can be read from a single 
register (RR1). 



Read Register 

| D 7 1 D g | D 5 [ D 4 J D 3 1 D 2 1 Pi J Dpi 

L 



L L 



Rx CHARACTER AVAILABLE 
ZERO COUNT 

■ Tx BUFFER EMPTY 

■ DCD 

- RING INDICATOR 



| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, 1 D | 

I— ALL SENT 



- PARITY ERROR 

- Rx OVERRUN ERROR 

- FRAMING ERROR 



Read Register 10 

| D 7 | D e | D 6 | D 4 | D 3 | D 2 | D, j D } 



Lb: 









- TWO CLOCKS MISSING 

- ONE CLOCK MISSING 



Read Register 12 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D t | D "| 



o 

i 



l LOWER BYTE OF 
r TIME CONSTANT 



Read Register 2 

| P 7 | D 6 1 D 5 | D 4 | D 3 [ D 2 1 D, | Dp | 



I V, 



'MODIFIED IN B CHANNEL 



Read Register 3 

| D 7 1 D g | D 5 | D 4 1 D 3 1 D 2 1 0, 1 Dp { 



Lb 



► INTERRUPT VECTOR * 



CHANNEL B EXT/STAT IP* 
CHANNEL B Tx IP* 
CHANNEL B Rx IP* 
CHANNEL A EXT/STAT IP* 
CHANNEL A Tx IP* 
CHANNEL A Rx IP* 



•ALWAYS IN B CHANNEL 



Lb 



Read Register 13 

| D 7 1 D, | D 5 1 D 4 1 D 3 | D 2 J D, \ 0^] 

L TC 8 
TC fl 
TC10 
TC11 
TC12 
TC13 
TC14 
TC16 



Read Register 15 

| D 7 1 D 6 | D s | D 4 | D 3 | a I D 1 j P | 



Lb 



L. 

ZERO COUNT IE 



- RUE 

- CTS IE 



Figure 8. Read Register Bit Functions 
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Programming Write Registers. The Z- ASCC contains 1 1 
(Continued) write registers (12 counting WR8, the transmit 
buffer) in each channel. These write registers 
are programmed separately to configure the 
functional "personality" of the channels. In 
addition, there are two registers (WR2 and 



WR9) shared by the two channels that may be 
accessed through either of them. WR2 contains 
the interrupt vector for both channels, while 
WR9 contains the interrupt control bits. Figure 
9 shows the format of each write register. 



Write Register 

| D 7 1 D 6 | D 5 | D 4 | D 3 | D 2 | D, | P "| 



0__0_J> 

LJL _! 

1 

I.I.J. 
i__o_]o 

1_ JL_L 

1 1 o 



o_ J) 

1 

1 o 



NULL CODE 

NULL CODE 

SELECT SHIFT LEFT MODE* 

SELECT SHIFT RIGHT MODE* 



NULL CODE 

NULL CODE 

RESET EXT/STATUS INTERRUPTS 

NULL CODE 

ENABLE INT ON NEXT Rx CHARACTER 

RESET Tx INT PENDING 

ERROR RESET 

RESET HIGHEST IUS 



Write Register 1 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | D "| 



0__0 

1 

1 



Lb 



EXT INT ENABLE 
Tx INT ENABLE 
PARITY IS SPECIAL CONDITION 



Rx INT DISABLE 

Rx INT ON FIRST CHARACTER OR SPECIAL CONDITION 
INT ON ALL Rx CHARACTERS OR SPECIAL CONDITION 
Rx INT ON SPECIAL CONDITION ONLY 

WAIT/DMA REQUEST ON RECEIVE/TRANSMIT 

WATT/DMA REQUEST FUNCTION 

WAIT/DMA REQUEST ENABLE 



Write Register 2 

| D 7 j D 6 | D s [ D 4 | 3 | D 2 | D, ] D | 



' V, 



> INTERRUPT VECTOR 



Write Register 3 

| D 7 | D 6 | D 5 I D 4 | D 3 I D 2 [ D, | D | 



0_ 

L_l 
1 



Lb 



1— RxE 



■ AUTO ENABLES 



Rx 5 BITS/CHARACTER 
Rx 7 BITS/CHARACTER 
Rx 6 BITS/CHARACTER 
Rx 8 BITS/CHARACTER 



Write Register 4 

| D 7 | D 6 | D 5 1 D 4 1 D 3 [ D 2 | D, | D "| 

L 



0_ J> 

LJ. 

1 



0__0 
0__1 
1 



Lb 



PARITY ENABLE 
PARITY EVEN/ODD 



DO NOT PROGRAM 

1 STOP BIT/CHARACTER 
Vh STOP BITS/CHARACTER 

2 STOP BITS/CHARACTER 



X 1 CLOCK MODE 
X16 CLOCK MODE 
X32 CLOCK MODE 
X64 CLOCK MODE 



Write Register 5 

j D 7 I D 6 | D 5 | D 4 I D 3 I D 2 | D, | D "] 




0__1 

1 



i — p 



- Tx ENABLE 

- SEND BREAK 



Tx S BITS (OR LESS)/CHARACTER 
Tx 7 BITS/CHARACTER 
Tx 6 BITS/CHARACTER 
Tx 8 BITS/CHARACTER 



■ DTR 



Figure 9. Write Register Bit Functions 
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Programming Write Register 9 

(Continued) M^k l ^kM 



0__0 

L_l 
1 



|_U 

I N 



- STATUS HIGH/STATUS LOW 



NO RESET 
CHANNEL RESET B 
CHANNEL RESET A 
FORCE HARDWARE RESET 



Writer Register 10 

10,10610510410310210,1001 



o__o 

0__1 
1 



[L. 

' 







NRZ 

NRZI 

FM1 (TRANSITION » 1) 

FMO (TRANSITION = 0) 



Write Register 11 

| D 7 | D 6 | D 5 1 D 4 | D 3 | D 2 1 0, 1 Dp"] 



0__0 

o__2 

1 



0__0 
0__1 
1 



TRxC" OUT = XTAL OUTPUT 
TRxC" OUT = TRANSMIT CLOCK 
TRxC OUT = BR GENERATOR OUTPUT 
TRxC" OUT = DPLL OUTPUT 
TRxCO/i 



TRANSMIT CLOCK = RTxC PIN 

TRANSMIT CLOCK = TRxC PIN 

TRANSMIT CLOCK = BR GENERATOR OUTPUT 

TRANSMIT CLOCK = DPLL OUTPUT 



RECEIVE CLOCK = RTxC PIN 

RECEIVE CLOCK = TRx5 PIN 

RECEIVE CLOCK = BR GENERATOR OUTPUT 

RECEIVE CLOCK = DPLL OUTPUT 

RTxC XTAUNO XTAL 



Write Register 12 

| D 7 | D 6 | D 6 | D 4 1 D 3 | D 2 | D, | D "| 

L TC 



• TCi 

- TC 2 

■ TC 3 

- TC 4 

- TC 5 

■ TC 6 

■ TC 7 



Write Register 13 

j D 7 | D 6 | D 5 ] D 4 | D 3 1 D 2 1 D, 1 d7| 



Lb 



Write Register 14 
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H 





1 

<TT_o 

0_ _1 1 

1__0__0 

L-L-l 

1 1 o 



Lb 



e 



BR GENERATOR ENABLE 
BR GENERATOR SOURCE 
DTR/REQUEST FUNCTION 
AUTO ECHO 
LOCAL LOOPBACK 



NULL COMMAND 

ENTER SEARCH MODE 

RESET MISSING CLOCK 

DISABLE DPLL 

SET SOURCE = BR GENERATOR 

SET SOURCE = RTxC 

SET FM MODE 

SET NRZI MODE 



Write Register 15 

| y 1 D 6 | D 5 | D 4 | D 3 1 D 2 | D, | D "| 



1 Zl 



ZERO COUNT IE 

- 

- DCD IE 

- Rl IE 

- CTS IE 



Figure 9. Write Register Bit Functions (Continued) 



663 



Timing The Z-ASCC generates internal control 

signals from AS and DS that are related to 
PCLK. Since PCLK has no phase relationship 
with AS and DS, the circuitry generating these 
internal control signals must provide time for 
metastable conditions to disappear. This gives 
rise to a recovery time related to PCLK. The 
recovery time applies only between bus trans- 
actions involving the Z-ASCC. The recovery 
time required for proper operation is specified 
from the rising edge of DS in the first transac- 
tion involving the Z-ASCC to the falling edge 



of DS in the second transaction involving the 
Z-ASCC. This time must be at least 6 PCLK 
cycles plus 200 ns. 

Read Cycle Timing. Figure 10 illustrates 
Read cycle timing. The address on AD0-AD7 
and the state of CSo and INTACK are latched 
by the rising edge of AS. R/W must be High to 
indicate a Read cycle. CSi must also be High 
for the Read cycle to occur. The data bus 
drivers in the Z-ASCC are then enabled while 
DS is Low. 
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Figure 10. Read Cycle Timing 


Write Cycle Timing. Fie 

Write cycle timing. The c 
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indicate a Write cycle. CSi must be High for 
the Write cycle to occur. DS Low strobes the 
data into the Z-ASCC. 
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Figure 11. Write Cycle Timing 


Interrupt Acknowledge Cycle Timing. 

Figure 12 illustrates Interrupt Acknowledge 
cycle timing. The address on AD0-AD7 and 
the state of CS and INTACK are latched by 


the rising edge of AS. However, if INTACK is 
Low, the address and CSo are ignored. The 
state of the R/W and CSi are also ignored for 
the duration of the Interrupt Acknowledge 


«£/! 
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Timing cycle. Between the rising edge of AS and the 

(Continued) falling edge of DS, the internal and external 

IEI/IEO daisy chains settle. If there is an inter- 
rupt pending in the Z-ASCC and IEI is High 
when DS falls, the Acknowledge cycle was 



intended for the Z-ASCC. In this case, the 
Z-ASCC may be programmed to respond to 
DS Low by placing its interrupt vector on 
AD0-AD7. It then sets the appropriate 
Interrupt- Under- Service latch internally. 
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Figure 12. Interrupt Acknowledge Cycle Timing 



Absolute Voltages on all pins with respect 

Maximum toGND -0.3V to + 7.0V 

Ratings Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°C to + 150°C 



Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



Standard The DC characteristics and capacitance sec- 

Test tions below apply for the following standard test 

Conditions conditions, unless otherwise noted. All voltages 

are referenced to GND. Positive current flows 

into the referenced pin. 

Standard conditions are as follows: 



■ GND = V 

■ Ta as specified in Ordering Information 
All ac parameters assume a load capacitance 

of 50 pf max. 




av 

£ 2.21 



FROM OUTPUT c 
UNDER TEST 



Figure 13. Standard Test Load 



Figure 14. Open-Drain Test Load 



DC 


Symbol 


Parameter 


Min 


Max 


Unit 


Condition 


Charac- 
teristics 


Vih 

V OL 
OL 


Input High Voltage 
Input Low Voltage 
Output High Voltage 
Output Low Voltage 
Input Leakage 
Output Leakage 
V cc Supply Current 


2.0 

-0.3 

2.4 


Vcc + 0.3 
0.8 

0.4 
±10.0 
±10.0 
250 


V 

V 

V 

V 
M A 
liA 
mA 


I OH = -250/iA 
I OL = +2.0 mA 
0.4 < V IN < +2.4V 
0.4 < V OUT < +2.4V 




V CC =5V 


± 5% unless otherwise specified, over 


specified temperature 


range 






Capacitance 


Symbol 


Parameter 


Min 


Max 


Unit 


Condition 




CpUT 

c i/o 


Input Capacitance 
Output Capacitance 
Bidirectional Capacitance 




10 
15 
20 


pf 
Pf 
of 






f = 1 MHz, 
Unmeasured 


Dver specified temperature range, 
pins returned to ground. 
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Read and 

Write 

Timing 




No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*t 



1 


TwAS 


2 


TdDS(AS) 


3 


TsCSO(AS) 


4 


ThCSO(AS) 


5- 


-TsCSl(DS) 


6 


ThCSl(DS) 


7 


TsIA(AS) 


8 


ThlA(AS) 


9 


TsRWR(DS) 


lO- 


-ThRW(DS) 


ll 


TsRWW(DS) 


12 


TdAS(DS) 


13 


TwDSl 


14 


TrC 


15- 


-TsA(AS) 


16 


ThA(AS) 


17 


TsDW(DS) 


18 


ThDW(DS) 


19 


TdDS(DA) 


20- 


-TdDSr(DR) 


21 


TdDSf(DR) 


22 


TdAS(DR) 



AS Low Width 
DS t to_AS i Delay 
CSq to AS t Setup Time 
CS to AS t Hold Time 

CS] to DS 1 Setup Time 

CSi to D S t_Hold Time 
INTACK to AS t Setup Time 
INTACK to ASJ_Hold Time 
R/W (Read) to DS I Setup Time 
R/W to DS t Hold Time 



R/W (Write) to DS I Setup Time 

AS t to DS 1 Delay 

DS Low Width 

Valid Access Recovery Time 



Address to AS t Setup Time - 
Address to AS t Hold Time 



Write Data to DS i Setup Time 
Write Data to DS t Hold Time 
DS I to Data Active Delay 
DS t to Read Data Not Valid Delay - 
DS i to Read Data Valid Delay 
AS t to Read Data Valid Delay 



70 

50 



60 

-100- 

55 



250 

100 

-55- 





390 
6TcPC 
+ 200 

— so- 
so 

30 
30 

-0- 



250 
520 



50 

25 



40 



40 



250 



— 40 — 



40 

250 

6TcPC 

+ 130 

— 10 — 
30 
20 
20 


— 



180 
335 



NOTES: 

1 . Parameter does not apply to Interrupt Acknowledge 
transactions. 

2. Parameter applies only between transactions involving 



the Z-ASCC 
* Timings are preliminary and subject to change. 
t Units in nanoseconds (ns). 
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Reset 
Timing 




Cycle 
Timing 
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No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*t 



23 TdDS(DRz) DS t to Read Data Float Delay 

24 TdA(DR) Address Required Valid to Read Data Valid Delay 

25 TdDS(W) DS i to Wait Valid Delay 

26 TdDSf(REQ) DS I to W/REQ Not Valid Delay 

27 — TdDSr(REQ) DS t to DTR/REQ Not Valid Delay 



TdAS(INT) 
TdAS(DSA) 
TwDSA 
TdDSA(DR) 
-TsIEI(DSA)- 
ThlEI(DSA) 
TdlEI(IEO) 
TdAS(IEO) 
TdDSA(INT) 

37 — TdDS(ASQ)- 

38 TdASQ(DS) 

39 TwRES 

40 TwPCl 

41 TwPCh 

42 — TcPC 

43 TrPC 

44 TfPC 



28 

29 

30 

31 

32- 

33 

34 

35 

36 



AS t to INT Valid Delay 

AS t to DS i (Acknowledge) Delay 

DS (Acknowledge) Low Width 

DS i (Acknowledge) to Read Data Valid Delay 

- IEI to DS i (Acknowledge) Setup Time 

IEI to DS t (Acknowledge) Hold Time 

IEI to IEO Delay 

AS t to IEO Delay 

DS i (Acknowledge) to INT Inactive Delay 

- DS t to AS J Delay for No Reset 

AS t to DS I Delay for No Reset 

AS and DS Coincident Low for Reset 
PCLK Low Width 
PCLK High Width 

- PCLK Cycle Time 

PCLK Rise Time 

PCLK Fall Time 



390 

-120- 




-30- 

30 

250 

105 

105 

•250- 



70 
570 
240 
240 
•5TcPC- 
+ 300 
500 



250 



120 
250 
500 



2000 

2000 

-4000- 

20 

20 



250 

-100- 




-15- 

30 

250 

70 

70 

- 165- 



45 
420 
200 
200 
■ 5TcPC - 
+ 250 
500 



180 



100 
250 
500 



1000 

1000 

- 2000 - 

15 

10 



NOTES: 

3. Float delay is defined as the time required for a ±0.5 V change 
in the output with a maximum dc load and minimum ac load. 

4. Open-drain output, measured with open-drain test load. 

5. Parameter is system dependent. For any Z-ASCC in the daisy 
chain, TdAS(DSA) must be greater than the sum of TdAS(IEO) 
for the highest priority device in the daisy chain, TsIEI(DSA) 
for the Z-ASCC, and TdlEIf(IEO) for each device separating 
them in the daisy chain. 



6. Parameter applies only to a Z-ASCC pulling INT Low at the 
beginning of the Interrupt Acknowledge transaction. 

7. Internal circuitry allows for the reset provided by the Z8 to be 
recognized as a reset by the Z-ASCC. 

* Timings are preliminary and subject to change All timing refer- 
ences assume 2.0 V for a logic "1" and 0.8 V for a logic "0". 
t Units in nanoseconds (ns). 
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General 
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No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*f 



1 


TdPC(REQ) 


2 


TdPC(W) 


3 


TsRXC(PC) 


4 


TsRXD(RXCr) 


5- 


- ThRXD(RXCr) 


6 


TsRXD(RXCf) 


7 


ThRXD(RXCf) 


8 


TsTXC(PC) 


9 


TdTXCf(TXD) 


lO- 


- TdTXCr(TXD) • 


ll 


TdTXD(TRX) 


12 


TwRTXh 


13 


TwRTXl 


14 


TcRTX 


15- 


- TcRTXX 


16 


TwTRXh 


17 


TwTRXl 


18 


TcTRX 


19 


TwEXT 



PCLK I to W/REQ Valid 

PCLK I to Wait Inactive Delay 

RxC t to PCLK t Setup Time (PCLK 

RxD to RxC t Setup Time (XI Mode) 
- RxD to RxC t Hold Time (XI Mode) — 

RxD to RxC i Setup Time (XI Mode) 

RxD to RxC 1 Hold Time (XI Mode) 

TxC 1 to PCLK t Setup Time 

TxC i to TxD Delay (XI Mode) 
■ TxC t to TxD Delay (XI Mode) 

TxD to TRxC Delay (Send Clock Echo) 

RTxC High Width 

RTxC Low Width 

RTxC Cycle Time 
1 Crystal Oscillator Period 

TRxC High Width 

TRxC Low Width 

TRxC Cycle Time 

DCD or CTS or Rl Pulse Width 



4 case only) 




■150- 



150 





180 
180 
400 
• 250- 
180 
180 
400 
200 



250 

350 

TwPCl 



300 
■300- 



-1000- 



250 
350 
70 TwPCl 


• 150 



150 



300 
300- 



180 
180 
400 
-250- 
180 
180 
400 
200 



-1000- 



1,4 

1 

-1- 

1,5 

1,5 

2,4 

2 

■2,5- 

6 
6 
6 
-3- 
6 
6 






NOTES. 

1 RxC is RTxC or TRxC, whichever is supplying the receive 

cloc k 

2. TxC is TRxC or RTxC, whichever is supplying the transmit 

clock. 

3 Both RTxC and RI have 30 pF capacitors to the ground 

connected to them 
4. Parameter applies only if the data rate is one-fourth th e PC LK 

rate In all other cases, no phase relationship between RxC and 



PCLK or TxC and PCLK is required. 

5. Parameter applies only to FM encoding/decoding. 

6. Parameter applies only for transmitter and receiver, DPLL and 
baud rate generator timing requirements are identical to chip 
PCLK requirements. 

* Timings are preliminary and subject to change, 
t Units in nanoseconds (ns) 
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System 
Timing 



RTxC, TRxC 

RECEIVE 



"\ t 



W/REQ 

REQUEST 



W/REQ 

WAIT 



\ 



-<D- 



KF 



HD- 



\ 



7 



\ 



y — v 



RTxC, TRxC 

TRANSMIT 



/ — s / — v_/ 



W/REQ 

REQUEST 



W/REQ 

WAIT 



DTR/REQ 

REQUEST 



-0" 



^F 



*— 0-Jf- 



-Qy 



\ 



7' 



\ 



CTS, DCD , Rl V 






INT 


<* ® H 



No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes* 



1 TdRXC(REQ) RxC t to W/REQ Valid Delay 

2 TdRXC(W) RiC t to Wait Inactive Delay 

3 TdRXC(INT) RiC t INT Valid Delay 

4 — TdTXC(REQ) TiC i to W/REQ Valid Delay 

5 TdTXC(W) TiC i to Wait Inactive Delay 

6 TdTXC(DRQ) TiC I to DTR/REQ Valid Delay 

7 TdTXC(INT) TiC I to INT Valid Delay 

8 TdEXT(INT) DCD, RI or CTS Transition to INT Valid Delay 



8 


12 


8 


12 


2,4 


8 


12 


8 


12 


1,2,4 


8 
+ 2 


12 
+ 3 


8 

+ 2 


12 
+ 3 


1,2,4 
5 


5 


8 


5 


8 


3,4 
1,3,4 


5 


8 


5 


8 


4 


7 


4 


7 


3,4 


4 

+ 2 


6 
+ 3 


4 
+ 2 


6 
+ 3 


1,3,4 
5 


2 


3 


2 


3 


1,5 



NOTES: 

1 . Open - drain o ut put, me asured with open-drain test load. 

2. RxC is RTxC or TRxC, whichever is supplying the receive 
cloc k. 

3. TxC is TRxC or RTxC, whichever is supplying the transmit 
clock. 



4. Units equal to TcPC. 

5. Units equal to AS. 

* Timings are preliminary and subject to change. 



670 



ORDERING INFORMATION 



Z8031 Z-ASCC, 4.0 MHz 
40-pin DIP 

Z8031 PS 
Z8031 CS 

Z8031A Z-ASCC, 6.0 MHz 
40-pin DIP 

Z8031APS 
Z8031ACS 



Z8031 Z-ASCC, 4.0 MHz 
44-pin PCC 

Z8031 VS 

Z8031 Z-ASCC, 6.0 MHz 
44-pin PCC 

Z8031AVS 



Codes 

First letter is for package; second letter is for temperature. 

C = Ceramic DIP 

P = Plastic DIP 

L = Ceramic LCC 

V = Plastic PCC 



TEMPERATURE 
S = 0°Cto +70°C 
E = -40°Cto+85°C 
M*= -55°Cto +125°C 

Example: PS is a plastic DIP, 0°C to + 70°C. 



tAvailable soon 

*For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 



R = Protopack 
T = Low Profile Protopack 
DIP = Dual-ln-Line Package 
LCC = Leadless Chip Carrier 
PCC = Plastic Chip Carrier (Leaded) 

FLOW 

B = 883 Class B 



CO 

£ 

(A 
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Z8036Z8000® Z-CIO 
Counter/Timer and 
Parallel I/O Unit 



Zilog 



Product 
Specification 



April 1985 



Features ■ Two independent 8-bit, double-buffered, 

bidirectional I/O ports plus a 4-bit 
special-purpose I/O port. I/O ports 
feature programmable polarity, 
programmable direction (Bit mode), "pulse 
catchers," and programmable open- 
drain outputs. 

■ Four handshake modes, including 3- Wire 
(like the IEEE-488). 

■ REQUEST/WAIT signal for high-speed data 
transfer. 



Flexible pattern- recognition logic, program- 
mable as a 16- vector interrupt controller. 

Three independent 16-bit counter/timers 
with up to four external access lines per 
counter/timer (count input, output, gate, 
and trigger), and three output duty cycles 
(pulsed, one-shot, and square-wave), 
programmable as retriggerable or 
nonretriggerable . 

Easy to use since all registers are read/write 
and directly addressable. 



General The Z8036 Z-CIO Counter/Timer and 

Description Parallel I/O element is a general-purpose 
peripheral circuit, satisfying most 
counter/timer and parallel I/O needs 
encountered in system designs. This versatile 
device contains three I/O ports and three 
counter/timers. Many programmable options 
tailor its configuration to specific applications. 



The use of the device is simplified by making 
all internal registers (command, status, and 
data) readable and (except for status bits) 
writable. In addition, each register is given its 
own unique address so that it can be 
accessed directly — no special sequential 
operations are required. The Z-CIO is directly 
Z-Bus compatible. 
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Figure 2a. 40-pin Dual-In-Line Package (DIP) 
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Pin AD0-AD7. Z-Bus Address/Data lines 

Description (bidirectional/3-state). These multiplexed 

Address/Data lines are used for transfers 

between the CPU and Z-CIO. 

AS*. Addr ess Strobe (input, active Low). 
Addr esses , INTACK, and CSo are sampled 
while AS is Low. 

CSo cmd CSi. Chip Select (input, active 
Low ) and Chip Select 1 (input, active High). 
CSo and CSi must be Low and High, respec- 
tively, in order to select a device. CSo is 
latched by AS. 

DS*. Data Strobe (input, active Low). DS pro- 
vides timing for the transfer of data into or out 
of the Z-CIO. 

I EI. Interrupt Enable In (input, active High). 
IEI is used with IEO to form an interrupt daisy 
chain when there is more than one interrupt- 
driven device. A High IEI indicates that no 
other higher priority device has an interrupt 
under service or is requesting an interrupt. 

IEO. Interrupt Enable Out (output, active 
High). IEO is High only if IEI is High and the 
CPU is not servicing an interrupt from the 
requesting Z-CIO or is not requesting an inter- 
rupt (Interrupt Acknowledge cycle only). IEO 
is connected to the next lower priority device's 
IEI input and thus inhibits interrupts from 
lower priority devices. 

*When AS and DS are detected Low at the same time (normally 
an illegal condition), the Z-CIO is reset. 



INT. Interrupt Request (output, open-drain, 
active Low). This signal is pulled Low when 
the Z-CIO requests an interrupt. 



INTACK. Interrupt Acknowledge (input, active 
Low). This signal indicates to the Z-CIO that 
an Interr upt Acknowledge cycle is in progress. 
INTACK is sampled while AS is Low. 

PA0-PA7. Port A I/O lines (bidirectional, 
3-state, or open-drain). These eight I/O lines 
transfer information between the Z-CIO's Port 
A and external devices. 

PB0-PB7. Port B I/O lines (bidirectional, 
3-state, or open-drain). These eight I/O lines 
transfer information between the Z-CIO's Port 
B and external devices. May also be used to 
provide external access to Counter/Timers 
1 and 2. 

PC0-PC3. Port C I/O lines (bidirectional, 
3-state, or open-drain). These f our I/O lines 
are used to provide handshake, WAIT, and 
REQUEST lines for Ports A and B or to provide 
external access to Counter/Timer 3 or access 
to the Z-CIO's Port C. 

PCLK. (input, TTL- compatible). This is a 
peripheral clock that may be, but is not 
necessarily, the CPU clock. It is used with 
timers and REQUEST/WAIT logic. 

R/W. Read/Write (input). R/W indicates that 
the CPU is reading from (High) or writing to 
(Low) the Z-CIO. 
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Figure 2b. 44-pin Chip Carrier, 
Pin Assignments 
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Architecture The Z8036 Z-CIO Counter/Timer and 

Parallel I/O element (Figure 3) consists of a 



Z-Bus interface, three I/O ports (two general- 
purpose 8-bit ports and one special-purpose 
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Figure 3. Z-CIO Block Diagram 
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Architecture 4-bit port), three 16-bit counter/timers, an 
(Continued) interrupt control logic block, and the internal 
control logic block. An extensive number of 
programmable options allow the user to tailor 
the configuration to best suit the specific 
application. 

The two general-purpose 8-bit I/O ports 
(Figure 4) are identical, except that Port B can 
be specified to provide external access to 
Counter/Timers 1 and 2. Either port can be 
programmed to be a handshake-driven, 
double-buffered port (input, output, or bidirec- 
tional) or a control-type port with the direction 
of each bit individually programmable. Each 
port includes pattern-recognition logic, allow- 
ing interrupt generation when a specific pat- 
tern is detected. The pattern-recognition logic 
can be programmed so the port functions like 
a priority-interrupt controller. Ports A and B 
can also be linked to form a 16-bit I/O port. 

To control these capabilities, both ports con- 
tain 12 registers. Three of these registers, the 



Input, Output, and Buffer registers, comprise 
the data path registers. Two registers, the 
Mode Specification and Handshake Specifica- 
tion registers, are used to define the mode of 
the port and to specify which handshake, if 
any, is to be used. The reference pattern for 
the pattern-recognition logic is defined via 
three registers: the Pattern Polarity, Pattern 
Transition, and Pattern Mask registers. The 
detailed characteristics of each bit path (for 
example, the direction of data flow or whether 
a path is inverting or noninverting) are pro- 
grammed using the Data Path Polarity, Data 
Direction, and Special I/O Control registers. 

The primary control and status bits are 
grouped in a single register, the Command 
and Status register, so that after the port is ini- 
tially configured, only this register must be 
accessed frequently. To facilitate initialization, 
the port logic is designed so that registers 
associated with an unrequired capability are 
ignored and do not have to be programmed. 
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Architecture The function of the special-purpose 4-bit 
(Continued) port, Port C (Figure 5), depends upon the 
roles of Ports A and B. Port C provides the 
required handshake lines. Any bits of Port C 
not used as handshake lines can be used as 
I/O lines or to provide external access for the 
third counter/timer. 

Since Port C's function is defined primarily 
by Ports A and B, only three registers (besides 
the Data Input and Output registers) are 
needed. These registers specify the details of 
each bit path: the Data Path Polarity, Data 
Direction, and Special I/O Control registers. 
The three counter/timers (Figure 6) are all 
identical. Each is comprised of a 16-bit down- 
counter, a 16-bit Time Constant register 
(which holds the value loaded into the down- 
counter), a 16-bit Current Counter register 
(used to read the contents of the down- 
counter), and two 8-bit registers for control 
and status (the Mode Specification and the 
Command and Status registers). 
The capabilities of the counter/timer are 



numerous. Up to four port I/O lines can be 
dedicated as external access lines for each 
counter/timer: counter input, gate input, trig- 
ger input, and counter/timer output. Three dif- 
ferent counter/timer output duty cycles are 
available: pulse, one-shot, or square-wave. 
The operation of the counter/timer can be pro- 
grammed as either retriggerable or nonretrig- 
gerable. With these and other options, most 
counter/timer applications are covered. 

The interrupt control logic provides standard 
Z-Bus interrupt capabilities. There are five 
registers (Master Interrupt Control register, 
three Interrupt Vector registers, and the Cur- 
rent Vector register) associated with the inter- 
rupt logic. In addition, the ports' Command 
and Status registers and the counter/timers' 
Command and Status registers include bits 
associated with the interrupt logic. Each of 
these registers contains three bits for interrupt 
control and status: Interrupt Pending (IP), 
Interrupt Under Service (IUS), and Interrupt 
Enable (IE). 
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Architecture 

(Continued) 
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Figure 6. Counter/Timer Block Diagram 



Functional The following describes the functions 

Description of the ports, pattern-recognition logic, 
counter/timers, and interrupt logic. 

I/O Port Operations. Of the Z-CIO's three 
I/O ports, two (Ports A and B) are general- 
purpose, and the third (Port C) is a special- 
purpose 4-bit port. Ports A and B can be con- 
figured as input, output, or bidirectional ports 
with handshake. (Four different handshakes 
are available.) They can also be linked to form 
a single 16-bit port. If they are not used as 
ports with handshake, they provide 16 input or 
output bits with the data direction pro- 
grammable on a bit-by-bit basis. Port B also 
provides access for Counter/Timers 1 and 2. In 
all configurations, Ports A and B can be pro- 
grammed to recognize specific data patterns 
and to generate interrupts when the pattern is 
encountered. 

The four bits of Port C provide the hand- 
shake lines f or Port s A and B when required. 
A REQUEST/WAIT line can also be provided 
so that Z-CIO transfers can be synchronized 
with DMAs or CPUs. Any P ort C b its not used 
for handshake or REQUEST/WAIT can be used 
as input or output bits (individually data direc- 
tion programmable) or external access lines for 
Counter/Timer 3. Port C does not contain any 
pattern- recognition logic. It is, however, 
capable of bit-addressable writes. With this 
feature, any combination of bits can be set 
and/or cleared while the other bits 
remain undisturbed without first reading the 
register. 

Bit Port Operations. In bit port operations, the 



port's Data Direction register specifies the 
direction of data flow for each bit. A 1 
specifies an input bit, and a specifies an out- 
put bit. If bits are used as I/O bits for a 
counter/timer, they should be set as input or 
output, as required. 

The Data Path Polarity register provides the 
capability of inverting the data path. A 1 
specifies inverting, and a specifies non- 
inverting. All discussions of the port opera- 
tions assume that the path is noninverting. 

The value returned when reading an input 
bit reflects the state of the input just prior to 
the read. A l's catcher can be inserted into the 
input data path by programming a 1 to the 
corresponding bit position of the port's Special 
I/O Control register. When a 1 is detected at 
the l's catcher input, its output is set to a 1 
until it is cleared. The l's catcher is cleared 
by writing a to the bit. In all other cases, 
attempted writes to input bits are ignored. 

When Ports A and B include output bits, 
reading the Data register returns the value 
being output. Reads of Port C return the state 
of the pin. Outputs can be specified as open- 
drain by writing a 1 to trie corresponding bit of 
the port's Special I/O Control register. Port C 
has the additional feature of bit-addressable 
writes. When writing to Port C, the four most 
significant bits are used as a write protect 
mask for the least significant bits (0-4, 1-5, 
2-6, and 3-7). If the write protect bit is written 
with a 1 , the state of the corresponding output 
bit is not changed. 
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Functional Ports with Handshake Operation. Ports A and 
Description B can be specified as 8-bit input, output, or 
(Continued) bidirectional ports with handshake. The Z-CIO 
provides four different handshakes for its 
ports: Interlocked, Strobed, Pulsed, and 
3- Wire. When specified as a port with hand- 
shake, the transfer of data into and out of the 
port and interrupt generation is under control 
of the handshake logic. Port C provides the 
handshake lines as shown in Table 1 . Any Port 
C lines not used for handshake can be used as 
simple I/O lines or as access lines for Counter/ 
Timer 3. 

When Ports A and B are configured as ports 
with handshake, they are double-buffered. 
This allows for more relaxed interrupt service 
routine response time. A second byte can be 
input to or output from the port before the 
interrupt for the first byte is serviced. Nor- 
mally, the Interrupt Pending (IP) bit is set and 
an interrupt is generated when data is shifted 
into the Input register (input port) or out of the 
Output register (output port). For input and 
output ports, the IP is automatically cleared 
when the data is read or written. In bidirec- 
tional ports, IP is cleared only by command. 
When the Interrupt on Two Bytes (ITB) control 
bit is set to 1 , interrupts are generated only 
when two bytes of data are available to be read 
or written. This allows a minimum of 16 bits of 
information to be transferred on each inter- 
rupt. With ITB set, the IP is not automatically 
cleared until the second byte of data is read or 
written. 

When the Single Buffer (SB) bit is set to 1, 
the port acts as if it is only single-buffered. 
This is useful if the handshake line must be 
stopped on a byte-by-byte basis. 

Ports A and B can be linked to form a 16-bit 
port by programming a 1 in the Port Link Con- 
trol (PLC) bit. In this mode, only Port A's 
Handshake Specification and Command and 
Status registers are used. Port B must be 
specified as a bit port. When linked, only Port 



A has pattern-match capability. Port B's 
pattern-match capability must be disabled. 
Also, when the ports are linked, Port B's Data 
register must be read or written before 
Port A's. 

When a port is specified as a port with hand- 
shake, the type of port it is (input, output, or 
bidirectional) determines the direction of data 
flow. The data direction for the bidirectional 
port is determined by a bit in Port C (Table 1). 
In all cases, the contents of the Data Direction 
register are ignored. The contents of the 
Special I/O Control register apply only to out- 
put bits (3-state or open-drain). Inputs may not 
have l's catchers; therefore, those bits in the 
Special I/O Control register are ignored. Port 
C lines used for handshake should be pro- 
grammed as inputs. The handshake specifica- 
tion overrides Port C's Data Direction register 
for bits that must be outputs. The contents of 
Port C's Data Path Polarity register still apply. 

Interlocked Handshake. In the Interlocked 
Handshake mode, the action of the Z-CIO must 
be acknowledged by the external device 
before the next action can take place. Figure 7 
shows timing for Interlocked Handshake. An 
output port does not indicate that new data is 
available until the external device indicates it 
is ready for the data. Similarly, an input port 
does not indicate that it is ready for new data 
until the data source indicates that the pre- 
vious byte of the data is no longer available, 
thereby acknowledging the input port's accep- 
tance of the last byte. This allows the Z-CIO to 
interface directly to the port of a Z8 microcom- 
puter, a UPC, an FIO, an FIFO, or to another 
Z-CIO port with no external logic. 

A 4-bit deske w time r can be inserted in the 
Data Available (DAV) output for output ports. 
As data is transferred to the Buffer register, 
the deskew timer is triggered. After the 
number of PCLK cycles specified by the 
deskew timer time constant plus one, DAV is 
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Port B: Input or Output Port 
(Interlocked, Strobed, or Pulsed 
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Port A or B: Output Port (3- Wire 
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Port A or B: Bidirectional Port 
(Interlocked or Strobed Handshake) 



Bit I/O 


Bit I/O 


Bit I/O 

REQUEST/WAIT 
or Bit I/O 

RFD or DAV 


Bit I/O 


RFD or DAV 


ACKIN 
Bit I/O 


Bit I/O 


REQUEST/WAIT 
or Bit I/O 


ACKIN 


RFD (Output) 


DAV (Input) 


REQUEST/WAIT 
or Bit I/O 


DAC (Outpi 


DAV (Output) 


DAC (Input) 


REQUEST/WATT 
or Bit I/O 


RFD (Input) 


RFD or DAV 


ACKIN 


REQUEST/WAIT 
or Bit I/O 


IN/OUT 



*Both Ports A an d B ca n be specified input or output with Interlocked, Strobed, or Pulsed Handshake at the same time if neither 
uses REQUEST/WAIT. 

Table 1. Port C Bit Utilization 
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Functional allowed to go Low. The deskew timer therefore 
Description guarantees that the output data is valid fo r a 
(Continued) specified minimum amount of time before DAV 
goes Low. Deskew timers are available for out- 
put ports independent of the type of handshake 
employed. 

Strobed Handshake. In the Strobed Hand- 
shake mode, data is "strobed" into or out of 
the port by the external log ic. The falling edge 
of the Acknowledge Input (ACKIN) strobes 
data into or out of the port. Figure 7 shows 
timing for the Strobed Handshake. In contrast 
to the Interlocked Handshake, the signal 
indicating the port is ready for another data 
transfer operates independently of the ACKIN 
input. It is up to the external logic to ensure 
that data overflows or underflows do not occur. 

3-Wire Handshake. The 3- Wire Handshake is 
designed for the situation in which one output 
port is communicating with many input ports 
simultaneously. It is essentially the same as the 
Interlocked Handshake, except that two signals 
are used to indicate if an input port is ready 
for new data or if it has accepted the present 
data. In the 3- Wire Handshake (Figure 8), the 
rising edge of one status line indicates that the 
port is ready for data, and the rising edge of 
another status line indicates that the data has 
been accepted. With the 3- Wire Handshake, 
the output lines of many input ports can be 
bussed together with open-drain drivers; the 



output port knows when all the ports have 
accepted the data and are ready. This is the 
same handshake as is used on the IEEE-488 
bus. Because this handshake requires three 
ines, only one port (either A or B) can be a 
3- Wire Handshake port at a time. The 3- Wire 
Handshake is not available in the bidirectional 
-node. Because the port's direction can be 
langed under software control, however, 
bidirectional IEEE-488-type transfers can be 
performed. 

Pulsed Handshake. The Pulsed Handshake 
(Figure 9) is designed to interface to 
mechanical-type devices that require data to 
be held for long periods of time and need 
relatively wide pulses to gate the data into or 
out of the device. The logic is the same as the 
Interlocked Handshake mode, except that an 
internal counter/timer is linked to the hand- 
shake logic. If the port is specifie d in the input 
mode, the ti mer is in serted in the ACKIN path. 
The external ACKIN input triggers the timer 
and its output is used as the Interlocked Hand- 
shake's normal acknowledge input. If the port 
is an output por t, the timer is placed in the 
Data Available (DAV) output path. The timer is 
trigge red w hen the normal Interlocked Hand- 
shake DAV output goes Low a nd the timer out- 
put is used as the actual DAV output. The 
counter/timer maintains all of its normal 
capabilities. This handshake is not available to 
bidirectional ports. 



INPUT HANDSHAKE 



OUTPUT HANDSHAKE 



X 



JX 
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DATA MOVED 
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NEXT BYTE 
SHIFTED FROM 
OUTPUT REGISTER TO 
BUFFER REGISTER 



Figure 7. Interlocked and Strobed Handshakes 
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Figure 8. 3- Wire Handshake 
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Functional REQUEST/WAIT Line Operation. Port C can 
Description be programmed to provide a status signal out- 
continued) put in addition to the normal handshake lines 
for either Port A or B when used as a port with 
handshake. T he add itional signal is either a 
REQUEST or WAIT signal. The REQUEST 
signal indicates when a port is ready to per- 
form a data transfer via the Z-Bus. It is 
intend ed for use with a DMA- type device. The 
WAIT signal provides synchronization for 
transfers with a CPU. Three bits in the Port 
Handshake Specificati on regi ster provide con- 
trols for the REQUEST/WAIT logic. Because 
the extra Port C line is used, only one port can 
be specifie d as a port with a handshake and a 
REQUEST/WAIT line. The other port must be 
a bit port. 

Operation of the REQUEST line is modified 
by the state of the port's Interrupt on Two 
Bytes (ITB) control bit. When ITB is 0, the 
REQUEST line goes active as soon as the 
Z-CIO is ready for a data transfer. If ITB is 1, 
REQUEST does not go active until two bytes 
can be transferred. REQUEST stays active as 
long as a byte is available to be read or 
written. 

The SPECIAL REQUEST function is reserved 
for use with bidirectional ports only. In this 
case, the REQUEST line indicates the status of 
the register not bei ng us ed in the data path at 
that time. If the IN/OUT line is High, the 
REQUEST line is High when the Output 
register is empty. If IN/OUT is Low, the 
REQUEST line is High when the Input register 
is full. 

Pattern-Recognition Logic Operation. Both 
Ports A and B can be programmed to generate 
interrupts when a specific pattern is recog- 
nized at the port. The pattern-recognition logic 
is independent of the port application, thereby 
allowing the port to recognize patterns in all of 
its configurations. The pattern can be 
independently specified for each bit as 1 , 0, 
rising edge, falling edge, or any transition. 
Individual bits may be masked off. A pattern- 
match is defined as the simultaneous satisfac- 
tion of all nonmasked bit specifications in the 
AND mode or the satisfaction of any non- 
masked bit specifications in either of the OR or 
OR-Priority Encoded Vector modes. 



D->— 



ACKIN 
(INTERNAL) 



OUTPUT PORT 



-K] 1 



Figure 9. Pulsed Handshake 



The pattern specified in the Pattern Defini- 
tion register assumes that the data path is pro- 
grammed to be noninverting. If an input bit in 
the data path is programmed to be inverting, 
the pattern detected is the opposite of the one 
specified. Output bits used in the pattern- 
match logic are internally sampled before the 
invert/noninvert logic. 

Bit Port Pattern-Recognition Operations. Dur- 
ing bit port operations, pattern-recognition 
may be performed on all bits, including those 
used as I/O for the counter/timers. The input 
to the pattern- recognition logic follows the 
value at the pins (through the invert/noninvert 
logic) in all cases except for simple inputs with 
l's catchers. In this case, the output of the l's 
catcher is used. When operating in the AND 
or OR mode, it is the transition from a no- 
match to a match state that causes the inter- 
rupt. In the "OR" mode, if a second match 
occurs before the first match goes away, it 
does not cause an interrupt. Since a match 
condition only lasts a short time when edges 
are specified, care must be taken to avoid 
losing a match condition. Bit ports specified in 
the OR-Priority Encoded Vector mode generate 
interrupts as long as any match state exists. A 
transition from a no- match to a match state is 
not required. 

The pattern-recognition logic of bit ports 
operates in two basic modes: Transparent and 
Latched. When the Latch on Pattern Match 
(LPM) bit is set to (Transparent mode), the 
interrupt indicates that a specified pattern has 
occurred, but a read of the Data register does 
not necessarily indicate the state of the port at 
the time the interrupt was generated. In the 
Latched mode (LPM= 1), the state oiall the 
port inputs at the time the interrupt was gener- 
ated is latched in the input register and held 
until IP is cleared. In all cases, the PMF indi- 
cates the state of the port at the time it is read. 

If a match occurs while IP is already set, an 
error condition exists. If the Interrupt On Error 
bit (IOE) is 0, the match is ignored. However, 
if IOE is 1 , after the first IP is cleared, it is 
automatically set to 1 along with the Interrupt 
Error (ERR) flag. Matches occurring while ERR 
is set are ignored. ERR is cleared when the 
corresponding IP is cleared. 

When a pattern- match is present in the 
OR-Priority Encoded Vector mode, IP is set to 
1 . The IP cannot be cleared until a match is no 
longer present. If the interrupt vector is 
allowed to include status, the vector returned 
during Interrupt Acknowledge indicates the 
highest priority bit matching its specification at 
the time of the Acknowledge cycle. Bit 7 is the 
highest priority and bit is the lowest. The bit 
initially causing the interrupt may not be the 
one indicated by the vector if a higher priority 
bit matches before the Acknowledge. Once the 
Acknowledge cycle is initiated, the vector is 
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Functional frozen until the corresponding IP is cleared. 
Description Where inputs that cause interrupts might 
(Continued) change before the interrupt is serviced, the l's 
catcher can be used to hold the value. 
Because a no-match to match transition is not 
required, the source of the interrupt must be 
cleared before IP is cleared or else a second 
interrupt is generated. No error detection is 
performed in this mode and the Interrupt On 
Error bit should be set to 0. 

Ports with Handshake Pattern-Recognition 
Operation. In this mode, the handshake logic 
normally controls the setting of IP and, 
therefore, the generation of interrupt requests. 
The pattern-match logic controls the Pattern 
Match Flag (PMF). The data is compared with 
the match pattern when it is shifted from the 
Buffer register to the Input register (input port) 
or when it is shifted from the Output register to 
the Buffer register (output port). The pattern- 
match logic can override the handshake logic 
in certain situations. If the port is programmed 
to interrupt when two bytes of data are 
available to be read or written, but the first 
byte matches the specified pattern, the 
pattern- recognition logic sets IP and generates 
an interrupt. While PMF is set, IP cannot be 
cleared by reading or writing the data 
registers. IP must be cleared by command. 
The input register is not emptied while IP is 
set, nor is the output register filled until IP is 
cleared. 

If the Interrupt on Match Only (IMO) bit is 
set, IP is set only when the data matches the 
pattern. This is useful in DMA-type applica- 
tions when interrupts are required only after a 
block of data is transferred. 

Counter/Timer Operation. The three 
independent 16-bit counter/timers consist of a 
presettable 16-bit down counter, a 16-bit Time 
Constant register, a 16-bit Current Counter 
register, an 8-bit Mode Specification register, 
an 8-bit Command and Status register, and the 
associated control logic that links these 



Function 



C/T! 



C/T 2 C/T 3 



Counter/Timer Output 


PB4 


PBO 


PCO 


Counter Input 


PB5 


PB1 


PCI 


Trigger Input 


PB6 


PB2 


PC 2 


Gate Input 


PB7 


PB3 


PC 3 



Table 2. Counter/Timer External Access 

The flexibility of the counter/timers is 
enhanced by the provision of up to four lines 
per counter/timer (counter input, gate input, 
trigger input, and counter/timer output) for 
direct external control and status. Counter/ 
Timer l's external I/O lines are provided by 
the four most significant bits of Port B. 
Counter/Timer 2's are provided by the four 
least significant bits of Port B. Counter/Timer 
3's external I/O lines are provided by the four 
bits of Port C. The utilization of these lines 
(Table 2) is programmable on a bit-by-bit basis 
via the Counter/Timer Mode Specification 
registers. 

When external counter/timer I/O lines are to 
be used, the associated port lines must be 
vacant and programmed in the proper data 
direction. Lines used for counter/timer I/O 
have the same characteristics as simple input 
lines. They can be specified as inverting or 
noninverting; they can be read and used with 
the pattern- recognition logic. They can also 
include the l's catcher input. 

Counter/Timers 1 and 2 can be linked inter- 
nally in three different ways. Counter/Timer 
l's output (inverted) can be used as Counter/ 
Timer 2's trigger, gate, or counter input. 
When linked, the counter/timers have the 
same capabilities as when used separately. The 
only restriction is that when Counter/Timer 1 
drives Counter/Timer 2's count input, 
Counter/Timer 2 must be programmed with 
its external count input disabled. 

There are three duty cycles available for the 
timer/counter output: pulse, one-shot, and 
square- wave. Figure 10 shows the counter/ 



registers. 
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Figure 10. Counter/Timer Waveforms 
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Functional timer waveforms. When the Pulse mode is 
Description specified, the output goes High for one clock 
(Continued) cycle, beginning when the down- counter 

leaves the count of 1. In the One-Shot mode, 
the output goes High when the counter/timer is 
triggered and goes Low when the down- 
counter reaches 0. When the sguare-wave out- 
put duty cycle is specified, the counter/timer 
goes through two full sequences for each 
cycle. The initial trigger causes the down- 
counter to be loaded and the normal count- 
down sequence to begin. If a 1 count is 
detected on the down-counter's clocking edge, 
the output goes High and the time constant 
value is reloaded. On the clocking edge, when 
both the down-counter and the output are l's, 
the output is pulle d back Low. 

The Continuous/Single Cycle (C/SC) bit in 
the Mode Specification register controls opera- 
tion of the down- counter when it reaches ter- 
minal count. If C/SC is when a terminal 
count is reached, the countdown sequence 
stops. If the C/SC bit is 1 each time the count- 
down counter reaches 1 , the next cycle causes 
the time constant value to be reloaded. The 
time constant value may be changed by the 
CPU, and on reload, the new time constant 
value is loaded. 

Counter/timer operations require loading the 
time constant value in the Time Constant 
register and initiating the countdown sequence 
by loading the down-counter with the time 
constant value. The Time Constant register is 
accessed as two 8-bit registers. The registers 
are readable as well as writable, and the 
access order is irrelevant. A in the Time 
Constant register specifies a time constant of 
65,536. The down-counter is loaded in one of 
three ways: by writing a 1 to the Trigger 
Command Bit (TCB) of the Command and 
Status register, on the rising edge of the exter- 
nal trigger input, or, for Counter/Timer 2 only, 
on the rising edge of Counter/Timer l's inter- 
nal output if the counters are linked via the 
trigger input. The TCB is write-only, and read 
always returns 0. 

Once the down-counter is loaded, the count- 
down sequence continues toward terminal 
count as long as all the counter/timers' hard- 
ware and software gate inputs are High. If any 
of the gate inputs goes Low (0), the countdown 
halts. It resumes when all gate inputs are 1 
again. 

The reaction to triggers occurring during a 
countdown sequence is determined by the state 
of the Retrigger Enable Bit (REB) in the Mode 
Specification register. If REB is 0, retriggers 
are ignored and the countdown continues nor- 
mally. If REB is 1, each trigger causes the 
down-counter to be reloaded and the count- 
down sequence starts over again. If the output 



is programmed in the Square- Wave mode, 
retrigger causes the sequence to start over 
from the initial load of the time constant. 

The rate at which the down-counter counts is 
determined by the mode of the counter/timer. 
In the Timer mode (the External Count Enable 
[ECE] bit is 0), the down-counter is clocked 
internally by a signal that is half the frequency 
of the PCLK input to the chip. In the Counter 
mode (ECE is 1), the down-counter is 
decremented on the rising edge of the counter/ 
timer's counter input. 

Each time the counter reaches terminal 
count, its Interrupt Pending (IP) bit is set to 1, 
and if interrupts are enabled (IE= 1), an inter- 
rupt is generated. If a terminal count occurs 
while IP is already set, an internal error flag is 
set. As soon as IP is cleared, it is forced to a 1 
along with the Interrupt Error (ERR) flag. 
Errors that occur after the internal flag is set 
are ignored. 

The state of the down- counter can be deter- 
mined in two ways: by reading the contents of 
the down-counter via the Current Count 
register or by testing the Count In Progress 
(CIP) status bit in the Command and Status 
register. The CIP status bit is set when the 
down-counter is loaded; it is reset when the 
down-counter reaches 0. The Current Count 
register is a 16-bit register, accessible as two 
8-bit registers, which mirrors the contents of 
the down-counter. This register can be read 
anytime. However, reading the register is 
asynchronous to the counter's counting, and 
the value returned is valid only if the counter 
is stopped. The down-counter can be reliably 
read u on the fly" by the first writing of a 1 to 
the Read Counter Control (RCC) bit in the 
counter/timer's Command and Status register. 
This freezes the value in the Current Count 
register until a read of the least significant 
byte is performed. 

Interrupt Logic Operation. The interrupts 
generated by the Z-CIO follow the Z-Bus 
operation as described more fully in the Zilog 
Z-Bus Summary. The Z-CIO has five potential 
sources of interrupts: the three counter/timers 
and Ports A and B. The priorities of these 
sources are fixed in the following order: 
Counter/Timer 3, Port A, Counter/Timer 2, 
Port B, and Counter/Timer 1. Since the 
counter/timers all have equal capabilities and 
Ports A and B have equal capabilities, there is 
no adverse impact from the relative priorities. 

The Z-CIO interrupt priority, relative to 
other components within the system, is deter- 
mined by an interrupt daisy chain. Two pins, 
Interrupt Enable In (IEI) and Interrupt Enable 
Out (IEO), provide the input and output 
necessary to implement the daisy chain. When 
IEI is pulled Low by a higher priority device, 
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Functional the Z-CIO cannot request an interrupt of the 
Description CPU. The following discussion assumes that 
(Continued) the IEI line is High. 

Each source of interrupt in the Z-CIO con- 
tains three bits for the control and status of the 
interrupt logic: an Interrupt Pending (IP) 
status bit, an Interrupt Under Service (IUS) 
status bit, and an Interrupt Enable (IE) control 
bit. IP is set when an event requiring CPU 
intervention occurs. T he s etting of IP results in 
forcing the Interrupt (INT) output Low, if the 
associated IE is 1 . 

The IUS status bit is set as a result of the 
Interrupt Acknowledge cycle by the CPU and 
is set only if its IP is of highest priority at the 
time the Interrupt Acknowledge commences. It 
can also be set directly by the CPU. Its 
primary function is to control the interrupt 
daisy chain. When set, it disables lower prior- 
ity sources in the daisy chain, so that lower 
priority interrupt sources do not request ser- 
vicing while higher priority devices are being 
serviced. 

The IE bit provides the CPU with a means of 
masking off individual sources of interrupts. 
When IE is set to 1 , an interrupt is generated 
normally. When IE is set to 0, the IP bit is set 
when an event occurs that wo uld n ormally 
require service; however, the INT output is not 
forced Low. 

The Master Interrupt Enable (MIE) bit allows 
all sources of interrupts within the Z-CIO to be 
disabled without having to individually set 
each IE to 0. If MIE is set to 0, all IPs are 
masked off and no interrupt can be requested 
or acknowledged. The Disable Lower Chain 



(DLC) bit is included to allow the CPU to 
modify the system daisy chain. When the DLC 
bit is set to 1 , the Z-CIO's IEO is forced Low, 
independent of the state of the Z-CIO or its IEI 
input, and all lower priority devices' interrupts 
are disabled. 

As part of the Interrupt Acknowledge cycle, 
the Z-CIO is capable of responding with an 
8-bit interrupt vector that specifies the source 
of the interrupt. The Z-CIO contains three vec- 
tor registers: one for Port A, one for Port B, 
and one shared by the three counter/timers. 
The vector output is inhibited by setting the No 
Vector (NV) control bit to 1 . The vector output 
can be modified to include status information 
to pinpoint more precisely the cause of inter- 
rupt. Whether the vector includes status or not 
is controlled by a Vector Includes Status (VIS) 
control bit. Each base vector has its own VIS 
bit and is controlled independently. When 
MIE = 1 , reading the base vector register 
always includes status, independent of the 
state of the VIS bit. In this way, all the infor- 
mation obtained by the vector, including 
status, can be obtained with one additional 
instruction when VIS is set to 0. When 
MIE = 0, reading the vector register returns 
the unmodified base vector so that it can be 
verified. Another register, the Current Vector 
register, allows use of the Z-CIO in a polled 
environment. When read, the data returned is 
the same as the interrupt vector that would be 
output in an acknowledge, based on the 
highest priority IP set. If no unmasked IPs are 
set, the value FFh is returned. The Current 
Vector register is read-only. 



Progromming Programming the Z-CIO entails loading con- 
trol registers with bits to implement the desired 
operation. Individual enable bits are provided 
for the various major blocks so that erroneous 
operations do not occur while the part is being 
initialized. Before the ports ar e enab led, IPs 
cannot be set, REQUEST and WAIT cannot be 
asserted, and all outputs remain high-impe- 
dance. The handshake lines are ignored until 
Port C is enabled. The counter/timers cannot 
be triggered until their enable bits are s et. 
The Z-CIO is reset by forcing AS and DS 
Low simultaneously or by writing a 1 to the 
Reset bit. Once reset, the only thing that can 
be done is to read and write the Reset bit. 
Writes to all other bits are ignored and all 
reads return 0s. In this state, all control bits 
are forced to 0. Only after clearing the Reset 



bit (by writing to it) can the other command 
bits be programmed. 

Register Addressing. The Z-CIO allows two 
schemes for register addressing. Both schemes 
use only six of the eight bits of the address/ 
data bus. The scheme used is determined by 
the Right Justify Address (RJA) bit in the 
Master Interrupt Control register. When RJA 
equals 0, address bus bits and 7 are ignored, 
and bits 1 through 6 are decoded for the 
register address (Ao from ADi). When RJA 
equals 1 , bits through 5 are decoded for the 
register address (Ao from ADo). In the follow- 
ing register descriptions, only six bits are 
shown for addresses and represent address/ 
data bus bits through 5 or 1 through 6, 
depending on the state of the RJA bit. 
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Registers 



Master Interrupt Control Register 

Address: 000000 
(Read/Write) 

| D 7 | D, | D 5 | D 4 | D 3 | D 2 | D t 1 Dp | 



MASTER INTERRUPT 
ENABLE (MIE) 

DISABLE LOWER CHAIN (OLC) - 

NO VECTOR (NV) - 



J 



PORT A VECTOR INCLUDES - 
STATUS (PA VIS) 



L 



- RIGHT JUSTIFIED ADDRESSES 

= SHIFT LEFT (Ao from AD^ 

1 = RIGHT JUSTIFY (A from AD ) 

- COUNTER/TIMERS VECTOR 
INCLUDES STATUS (CT VIS) 

- PORT B VECTOR INCLUDES 
STATUS (PB VIS) 



Master Configuration Control Register 

Address: 000001 
(Read/Write) 

\ D 7 | D g | D s | D 4 [ D 3 1 D 2 | D, | Dp] 



,.J 



COUNTER/TIMER 2 - 
ENABLE (CT2E) 

PORT C AND COUNTER/ - 
TIMER 3 ENABLE 
(PCE AND CT3E) 



Figure 1 1 . Master Control Registers 



~U 



COUNTER/TIMER LINK 
CONTROLS (LC) 

LCI LC0 

COUNT ER/TIME RS INDEPENDENT 

1 C/T 1's OUTPUT GATES C/T 2 

1 C/T 1's OUTPUT TRIGGERS C/T 2 
1 1 C/T Vs OUTPUT IS C/T 2's 

COUNT INPUT 

■ PORT A ENABLE (PAE) 

■ PORT LINK CONTROL (PLC) 

= PORTS A AND B OPERATE INDEPENDENTLY 

1 = PORTS A AND B ARE LINKED 



Port Mode Specification Registers 

Addresses: 100000 Port A 
101000 Port B 
(Read/Write) 



| D 7 | D 6 j D 5 | D 4 | P 3 | P 2 | Pi 1 DqI 



.zr 



PORT TYPE - 
SELECTS (PTS) 
PTS1 PTSO . 
BIT PORT 

1 INPUT PORT 

1 OUTPUT PORT 

1 1 BIDIRECTIONAL 
PORT 

INTERRUPT ON TWO 



SINGLE BUFFERED 
MODE (SB) 



L 



LATCH ON PATTERN MATCH (LPM) 
(BIT MODE) 

DESKEW TIMER ENABLE (DTE) 
(HANDSHAKE MODES) 

- PATTERN MODE SPECIFICATION 
BITS (PMS) 

PMS1 PMSO 
DISABLE PATTERN MATCH 

1 "AND"MODE 

1 "OR" MODE 

1 1 "ORPRIORITY ENCODED 

VECTOR" MODE 

- INTERRUPT ON MATCH ONLY (IMO) 



Port Handshake Specification Registers 

Addresses: 100001 Port A 
101001 Port B 
(Read/Write) 



HANDSHAKE TYPE SPECIFICATION 
BITS (HST) 
HST1 HSTO 
INTERLOCKED HANDSHAKE 

1 STROBED HANDSHAKE 

1 PULSED HANDSHAKE 

1 1 THREE-WIRE HANDSHAKE 



| D 7 | 0„ | D 5 | D 4 | D 3 | D 2 | P, | Dp | 



REQUEST/WAIT SPECIFICATION BITS - 



REQUEST/WAIT DISABLED 
OUTP UT WA IT 
INPUT WAIT 
SPECIAL REQUEST 
OUTPUT REQUEST 
INPUT REQUEST 



DESKEW TIME SPECIFICATION 

BITS 

SPECIFIES THE MSB's OF 

DESKEW TIMER TIME CONSTANT. 

LSB IS FORCED 1. 



s 



Port Command and Status Registers 

Addresses: 001000 Port A 
001001 Port B 
(Read/Partial Write) 



|d 7 |d 6 [d 5 [d 4 |d 3 |d 2 |d 1 |d„| 



INTERRUPT UNDER 
SERVICE (IUS) 

INTERRUPT ENABLE (IE) 



INTERRUPT PENDING (IP) 



NULL CODE 

CLEAR IP & IUS 

SET IUS 

CLEAR IUS 

SET IP 

CLEAR IP 

SET IE 

CLEAR IE 



J 

I 



1 

1 

1 
1 

1 1 
1 1 




1 



1 



1 



1 



L 



INTERRUPT ON ERROR (IOE) 



- INPUT REGISTER FULL (IRF) 



Figure 12. Port Specification Registers 



2014-012,013 



685 



Registers 

(Continued) 



Data Path Polarity Registers 

Addresses: 100010 Port A 
101010 Port B 
000101 Port C (4 LSBs only) 
(Read/Write) 



Data Direction Registers 

Addresses: 100011 Port A 
101011 Port B 
000110 Port C (4 LSBs only) 
(Read/Write) 

| p 7 1 p 6 1 p s ] p 4 j p 3 j p 2 1 p t 1"p71 



■ DATA PATH POLARITY (DPP) 



- DATA DIRECTION (DD) 



Special I/O Control Registers 

Addresses: 100100 Port A 
101 100 Port B 
000111 Port C (4 LSBs only) 
(Read/Write) 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | D | 



- SPECIAL INPUT/OUTPUT (SIO) 

■ NORMAL INPUT OR OUTPUT 

1 =OUTPUT WITH OPEN DRAIN OR 

INPUT WITH 1's CATCHER 



Figure 13. Bit Path Definition Registers 



Port Data Registers 

Addresses: 001101 Port A 
001110 Port B 
(Read/Write) 



e^ 



D 5 | D 4 1 D 3 | D 2 1 P, 



H 



Port C Data Register 

Address: 001111 
(Read/Write) 

| P T | P 8 1 P s | D 4 1 P 3 | D 2 | P, ] P | 

I ft H 



0- WRITING OF CORRESPONDING LSB ENABLED 

1 -WRITING OF CORRESPONDING LSB INHIBITED 

(READ RETURNS 1) 



Figure 14. Port Data Registers 



Pattern Polarity Registers (PP) 

Addresses: 100101 Port A 
101101 PortB 
(Read/Write) 



Pattern Transition Registers (PT) 

Addresses: 1001 10 Port A 
101110 PortB 
(Read/Write) 



Pattern Mask Registers (PM) 

Addresses: 100111 Port A 
101111 PortB 
(Read/Write) 



D 7 I D 6 [ D s [ D« I D 3 j D 2 I D, I P„ 
P 7 1 D„ | D 5 | D 4 1 D 3 | D 2 1 D, | P„ 
D 7 I D 6 J D s I D 4 I D 3 I D, I D, I D« 



PM PT PP PATTERN SPECIFICATION 

X BIT MASKED OFF 

1 X ANY TRANSITION 

> 1 ZERO 

' « 1 ONE 

1 ONE-TO-ZERO TRANSITION C) 

1 1 ZERO-TO-ONE TRANSITION (/■) 



Figure 15. Pattern Definition Registers 
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Registers 

(Continued) 



Counter/Timer Command and Status Registers 

Addresses: 001010 Counter/Timer 1 
001011 Counter/Timer 2 
001100 Counter/Timer 3 
(Read/Partial Write) 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D 1 | D | 



INTERRUPT UNDER SERVICE (IUS) 



INTERRUPT ENABLE (IE) 



INTERRUPT PENDING (IP) 



NULL CODE 

CLEAR IP & IUS 

SET IUS 

CLEAR IUS 

SET IP 

CLEAR IP 

SET IE 

CLEAR IE 





L.JL_1 

1 

— — — 
1_ 

1_JL_1 

1 1 



L« 



- QATE COMMAND BIT (GCB) 

- READ COUNTER CONTROL (RCC) 
(READ/SET ONLY - 
CLEARED BY READING CCR LSB) 



INTERRUPT ERROR (ERR) 

(READ ONLY) 

Counter/Timer Mode Specification Registers 

Addresses: 011100 Counter/Timer 1 
011101 Counter/Timer 2 
011110 Counter/Timer 3 
(Read/Write) 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D n | d71 



i 

8 



j 



EXTERNAL OUTPUT - 
ENABLE (EOE) 



EXTERNAL TRIGGER - 



~c 



OUTPUT DUTY CYCLE 
SELECTS (DCS) 

DCS1 DCSO 
PULSE OUTPUT 

1 ONE-SHOT OUTPUT 

1 SQUARE-WAVE OUTPUT 
1 1 DO NOT SPECIFY 

RETRIGGER ENABLE BIT (REB) 
■ EXTERNAL GATE ENABLE (EGE) 



MOST 

SIGNIFICANT 

BYTE 



Counter/Timer Current Count Registers 

Addresses: 010000 Counter/Timer l's MSB 
010001 Counter/Timer l's LSB 

010010 Counter/Timer 2's MSB 

010011 Counter/Timer 2's LSB 

010100 Counter/Timer 3's MSB 

010101 Counter/Timer 3's LSB 
(Read Only) 

| D 7 j D 6 j D 5 j D 4 j D 3 1 D 2 j D, | Dp | D 7 | D 6 j D 5 | D 4 | D 3 1 D 2 1 Pi j Do 1 

=1 C= LB 



Counter/Timer Time Constant Registers 

Addresses: 010110 Counter/Timer l's MSB 
010111 Counter/Timer l's LSB 

011000 Counter/Timer 2's MSB 

011001 Counter/Timer 2's LSB 

011010 Counter/Timer 3's MSB 

011011 Counter/Timer 3's LSB 
(Read/Write) 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D 1 [ D | D 7 | D 6 | D 5 | D 4 1 D 3 | D 2 j Pi 1 Dp | 



Figure 16. Conter/Timer Registers 



687 



Registers 

(Continued) 



Interrupt Vector Register 

Addresses: 000010 Port A 
000011 Port B 
000100 Counter/Timers 
(Read/Write) 



Current Vector Register 

Address: 011111 
(Read Only) 

| D y | P. | P 5 | D 4 | D 3 | D a | D t [57] 







10,10,10510410310210,1001 












ON HIGHEST PRIORITY 




1 


UNMASKED IP. 










IF NO INTERRUPT PENDING 






ALL Vs OUTPUT. 






PORT VECTOR STATUS 










PRIORITY ENCODED VECTOR MODE: 










Dj Dj Dj 










xxx NUMBER OF HIGHEST PRIORITY BIT 










WITH A MATCH 










ALL OTHER MODES: 










D 3 Dj Dj 










ORE IRF PMF NORMAL 










ERROR 










COUNTER/TIMER STATUS 










D 2 Di 










C/T3 










1 C/T2 










10 C/T1 










1 1 ERROR 










Figure 17. Interrupt Vector Registers 


Register 




Main Control Registers 




Port A Specification Registers 


Address 


Address* 


Register Name 


Address* 


Register Name 


Summary 


000000 


Master Interrupt Control 


100000 


Port A's Mode Specification 




000001 


Master Configuration Control 


100001 


Port A's Handshake Specification 




000010 


Port A's Interrupt Vector 


100010 


Port A's Data Path Polarity 




000011 


Port B's Interrupt Vector 


100011 


Port A's Data Direction 




000100 


Counter/Timer's Interrupt Vector 


100100 


Port A's Special I/O Control 




000101 


Port C's Data Path Polarity 


100101 


Port A's Pattern Polarity 




000110 


Port C's Data Direction 


100110 


Port A's Pattern Transition 




000111 


Port C's Special I/O Control 


100111 


Port A's Pattern Mask 






Most Often Accessed Registers 




Port B Specification Registers 




Address* 


Register Name 


Address* 


Register Name 




001000 


Port A's Command and Status 


101000 


Port B's Mode Specification 




001001 


Port B's Command and Status 


101001 


Port B's Handshake Specification 




001010 


Counter/Timer l's Command and Status 


101010 


Port B's Data Path Polarity 




001011 


Counter/Timer 2's Command and Status 


101011 


Port B's Data Direction 




001100 


Counter/Timer 3's Command and Status 


101100 


Port B's Special I/O Control 




001101 


Port A's Data 


101101 


Port B's Pattern Polarity 




001110 


Port B's Data 


101110 


Port B's Pattern Transition 




001111 


Port C's Data 


101111 


Port B's Pattern Mask 



Counter/Timer Related Registers 

Address* Register Name 

010000 Counter/Timer l's Current Count-MSBs 

010001 Counter/Timer l's Current Count-LSBs 

010010 Counter/Timer 2's Current Count-MSBs 

01001 1 Counter/Timer 2's Current Count-LSBs 

1 1 00 Counter/Timer 3's Current Count-MSBs 

010101 Counter/Timer 3's Current Count-LSBs 

010110 Counter/Timer 1 's Time Constant-MSBs 

010111 Counter/Timer l's Time Constant-LSBs 

1 1 000 Counter/Timer 2's Time Constant-MSBs 

11 001 Counter/Timer 2's Time Constant-LSBs 

011010 Counter/Timer 3's Time Constant-MSBs 

011011 Counter/Timer 3's Time Constant-LSBs 

011100 Counter/Timer l's Mode Specification 

011101 Counter/Timer 2's Mode Specification 

011110 Counter/Timer 3's Mode Specification 

011111 Current Vector 

*When RJA = 0, Aq from ADj ; when RJA = 1, Aq from ADq 
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Timing Read Cycle. The CPU places an address on 

the address/data bus. The more significant bits 
and status information are combined and 
decoded by external logic to provide two Chip 
Selects (CSo and CSi). Six bits of the least 
significant byte of the address are latched 
within the Z-CIO and used to specify a Z-CIO 
register. The data from the register specified is 
strobed onto the address/data bus when the 
CPU issues a Data Strobe (DS). If the register 
indicated by the address does not exist, the 
Z-CIO remains high- impedance. 



Write Cycle. The CPU places an address on 
the address/data bus. The more significant bits 
and status information are combined and 
decoded by external logic to provide two Chip 
Selects (CSo and CSi). Six bits of the least 
significant byte of the address are latched 
within the Z-CIO and used to specify a Z-CIO 
register. The CPU places the data on the 
address/data bus and strobes it into the Z-CIO 
register by issuing a Data Strobe (DS). 



AS \ / 




AS 
CSo 
CSi 
IVW 

DS 
AD0-AD7 


W 






cio \ / 




w 






en / 


\ 


/ 




"^ 


IVW / 


N — 


\ 


/ 










\ 


/ 


V 


J 


»n JL All. V ADDRESS \ 


— ( READ DATA \— — 

Cycle Timing 


X AD vXKfX ""-» X 

Figur. 19. Writ. Cycle Timing 


ADo-AD, ^ VAL|D )- 

Figure 18. Read i 



Interrupt Acknowledge Cycle. When one of 
the IP bits in the Z-CIO goes High an d int er- 
rupts are enabled, the Z-CIO pulls its INT 
output line Low, requesting an interrupt. The 
CPU respond s with an Interrupt Acknowledge 
cycle. When INTACK goes Low with IP set, the 
Z-CIO pulls its Interrupt Enable Out (IEO) 



Low, disabling all lower priority devices on the 
daisy chain. The CPU reads the_ Z-CIO inter- 
rupt vector by issuing a Low DS, thereby 
strobing the interrupt vector onto the address/ 
data bus. The IUS that corresponds to the IP is 
also set, which causes IEO to remain Low. 



s 



A r 



\. 



"V 



AD0-AD7 V IGNORED Y- 



-( VECTOR J— 



'INTACK is decoded from Z8000 status. 
Figure 20. Interrupt Acknowledge Timing 
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Absolute Voltages on all pins with respect 

Maximum toGND -0.3V to +7.0V 

Ratings Operating Ambient 

Temperature See Ordering Information 

Storage Temperature - 65 °C to + 150°C 



Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



Standard 

Test 

Conditions 



The DC characteristics and capacitance sec- 
tions below apply for the following standard test 
conditions, unless otherwise noted. All voltages 
are referenced to GND. Positive current flows 
into the referenced pin. 

Standard conditions are as follows: 
■ +4.75 V < V cc < +5.25 V 




■ GND = V 

■ Ta as specified in Ordering Information 

All ac parameters assume a load capacitance 
of 50 pf max. 

The Ordering Information section lists temper- 
ature ranges and product numbers. Package 
drawings are in the Package Information section 
in this book. Refer to the Literature List for addi- 
tional documentation. 



i. 



Figure 21. Standard Test Load 



Figure 22. Open-Drain Test Load 



DC 


Symbol 


Parameter 


Min 


Max 


Unit 


Condition 


Charac- 
teristics 


Vih 


Input High Voltage 


2.0 


V CC + 0.3 


V 






Vil 


Input Low Voltage 


-0.3 


0.8 


V 






VOH 


Output High Voltage 


2.4 




V 


km- -250/aA 




Vol 


Output Low Voltage 




0.4 
0.5 


V 
V 


I OL = + 2.0 mA 
I OL = +3.2 mA 




Iil 


Input Leakage 




±10.0 


jiA 


0.4 < V IN < +2.4 V 




Iol 


Output Leakage 




±10.0 


liA 


0.4 < V OUT < +2.4 V 




fee 


V cc Supply Current 




200 


mA 






V CC =5V 


± 5% unless otherwise specified, over 


specified temperature 


range. 






Capacitance 


Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 




C IN 


Input Capacitance 




10 


Pf 






C OUT 


Output Capacitance 




15 


pf 






c i/o 


Bidirectional Capacitance 




20 


pf 





f = 1 MHz, over specified temperature range. 
Unmeasured pins returned to ground. 
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CPU 

Interface 

Timing 



-OH 



T 






-0- 



— -Hh~>f © 

\ l ADDRESS i J mm 

A VALID ;\- 



CIO 

READ 



zzx 



® 



♦(§>*► 






W" 



:v 



-®- 



/ 



*<J3V 



z 



-®- 



■*4 



3c:: 






/ — y — zzta — ^ 



i 

s 



Interrupt 
Timing 



PATTERN MATCH 
INPUT(S) 

BIT PORT 



31 



PATTERN MATCHES 



J 



\ 



-<§>" 



-®- 



~%- 



-®- 



\_/ 



\ 



Interrupt 

Acknowledge 

Timing 



VundefinedV- 



-4s) 



c 



\^' r 



-<§>► 



@K 



<§>■ 



X 



\ 



<*-®-+~ 



>zn 
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No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*t 



TwAS 

TsA(AS) 

ThA(AS) 

■TsA(DS) 

TsCSO(AS) 
ThCSO(AS) 
TdAS(DS) 
8 — TsCSl(DS) — 
9 TsRWR(DS) 

10 TsRWW(DS) 

11 TwDS 

12 — TsDW(DSf)— 

13 TdDS(DRV) 
TdDSf(DR) 
ThDW(DS) 
TdDSr(DR) — 
TdDS(DRz) 
ThRW(DS) 
ThCSl(DS) 
TdDS(AS) — 



21 Trc 



AS Low Width 

Address to AS t Setup Time 

Address to AS t Hold Time 

-Address to DS i Setup Time 

CSq to AS t Setup Time 
CS to AS t Hold Time 
AS t to DS I Delay 

- CSi to DS 1 Setup Time 

R/W (Read) to DS i Setup Time 

R/W (Write) to DS J Setup Time 
DS Low Width 

-Write Data to DS 1 Setup Time 

DS (Read) i to Address Data Bus Driven 
DS i to Read Data Valid Delay 
Write Data to DS t Hold Time 

- DS t to Read Data Not Valid Delay 

DS t to Read Data Float Delay 
R/WtoDS t Hold Time 

CSi toDS t Hold Time 

-DS I to AS i Delay 

Valid Access Recovery Time 



70 2000 

30 

50 

-130 


60 
60 

-100 

100 



390 

-30 





30 
-0- 



55 
55 
— 50- 
1000 



250 



70 



50 
10 
30 
-100- 

40 
40 




250 
-20- 


20 
— 0- 



40 

40 

—25- 

650 



2000 



180 



45 



22 TdPM(INT) Pattern Match to INT Delay (Bit Port) 

23 TdACK(INT) ACKIN to INT Delay (Port with Handshake) 

24 — TdCI(INT) Counter Input to INT Delay (Counter Mode)- 

25 TdPC(INT) PCLK to INT Delay (Timer Mode) 

26 TdAS(INT) AS to INT Delay 



1+800 

4 + 600 

-1+700- 

1+700 

300 



1+800 

4 + 600 

-1+700- 

1+700 



4,6 

-6- 

6 



27 TsIA(AS) 

28 ThlA(AS) 

29 TsAS(DSA) 
30 — TdDSA(DR)- 
31 TwDSA 

TdAS(IEO) 
TdlEI(IEO) — 
TsIEI(DSA) 
ThlEI(DSA) 
TdDSA(INT) 



INTACK to AS t Setup Time 
INTACK to AS t Hold Time 
AS 1 to DS (Acknowledge) i Setup Time 
-DS (Acknowledge) i to Read Data Valid Delay- 
DS (Acknowledge) Low Width 




250 
350 




250 
250 



390 



AS t to IEO i Delay (INTACK Cycle) 

-IEI to IEO Delay 

IEO to DS (Acknowledge) i Setup Time 
IEI to DS~( Acknowledge) t Hold Time 
DS (Acknowledge) i to INT t Delay 



-250- 

350 
-150- 



-180- 



250 



250 
-100- 



100 
100 



70 
70 



600 



600 



NOTES: 



Parameter does not apply to Interrupt Acknowledge tran- 
sactions. 

Float delay is measured to the time when the output has 
changed 0.5 V from steady state with minimum ac load and 

maximum dc load. 

This is the delay from DS ! of one CIO access to DS i of 
another CIO access. 

The delay is from DAV I for 3- Wire Input Handshake. The 
delay is from DAC t for 3- Wire Output Handshake. One 
additional AS cycle is required for ports in the Single Buf- 
fered mode. 



5. The parameters for the devices in any particular daisy 
chain must meet the following constraint, the delay from 
AS t to DS I must be greater than the sum of TdAS(IEO) 
for the highest priority peripheral, TsIEI(DSA) for the 
lowest priority peripheral, and TdlEI(IEO) for each 
peripheral separating them m the chain. 

6. Units equal to AS cycle + ns. 

* Timings are preliminary and subject to change, 
t Units in nanoseconds(ns), except as noted 
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Strobed 
Handshake 



V DATA VALID / 



INPUT < 



\ 



-ay 



-©- 



V 



T- 



DATA \ " 



OUTPUT i 



d> 



t 



X. 



h-dH 1- © » j 



<D 



r> 



Interlocked 
Handshake 



INPUT < 



/ DATA VALID \ 



GH— 



\ 



(jjH*-^ 



/ \ 






g 



OUTPUT 4 



31 



0- 



DATA VALID 



\ 



t 



*<i> 



:czzx 



<D 



/ 



/ 



3-Wire 
Handshake 



■zzx: 



INPUT < 






0- 



-*<JB>-Ur 



\ 



«*-©-»* 



x 



^ 



■© 



OUTPUT i 



DATA 


X 


DATA VALID 


< 






X 




0j 


■« »» 






DAC 

INPUT 




=f 


• ' 


\ 






+<$> 






-® 




RPD 

INPUT 









\ 


V 


: 






■*-®-+- 


- — ® — *l 


**4<i) 


Bav 

OUTPUT 
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|<u 




l< 


t 




"A 
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No. 


Symbol 


Parameter 


4 MHz 
Min Max 


6 MHz 
Min Max Notes*t 




TsDI(ACK) 
ThDI(ACK) 

TdACKf(RFD) 





500 








1 
2 


Data Input to ACKIN 1 Setup Time 

Data Input to ACKIN i Hold Time - Strobed 
Handshake 





3 
4— 


ACKIN i to RFD 1 Delay 





TwACKh 
TdRFDr(ACK) 
TsDO(DAV) 
TdDAVf(ACK) 
-ThDO(ACK) 

TdACK(DAV) 
ThDI(RFD) 

TdRFDf(ACK) 
-TdACKr(RFD)- 

TdDAVr(ACK) 

TdACK(DAV) 

-TdDAVIf(DAC)- 
ThDI(DAC) 

TdDACOr(DAV; 
TdDAVIr(DAC) 
-TdDAVOf(DAC) 
ThDO(DAC) 

TdDACIr(DAV) 
TdDAVOr(DAC; 




250 


25 







5 


ACKIN High Width - Strobed Handshake 




6 
7 
8 
9- 


RFD t to ACKIN i Delay 
Data Out to DAV I Setup Time 
DAV i to ACKIN i Delay 




20 1 



■" uaLa <j\jl\. to /\L/Js.iiN I nolo, lime — 


1 




— 0- 




— o- 






— o- 
1 

1 






"" 1 z. 


10 
11 


ACKIN I to DAV t Delay 
Data Input to RFD i Hold Time - Interlocked 
Handshake 


1 2 



12 
13- 


RFD 1 to ACKIN t Delay - Interlocked Handshake 

-ACKIN t (DAV t ) to RFD t Delay - Interlocked 

and 3- Wire Handshake 




— 


14 


DAV t to ACKIN t (RFD t ) - Interlocked and 
3- Wire Handshake 





15 

16- 
17 

18 
19 
20- 

21 

22 
23 


ACKIN t (RFD t )to DAV 1 Delay - Interlocked and 
3-Wire Handshake 

- DAV i to DAC t Delay - Input 3-Wire Handshake — 

Data Input to DAC t Hold Time - 3- Wire 
Handshake 

) DAC t to DAV t Delay - Input 3-Wire Handshake 

DAV t to DAC i Delay - Input 3-Wire Handshake 

i-DAV i to DAC t Delay - Output 3-Wire Handshake - 

Data Output to DAC t Hold Time - 3-Wire 
Handshake 

DAC t to DAV t Delay - Output 3-Wire Handshake 

) DAV t to DAC i Delay - Output 3-Wire Handshake 







u 








u 

1 2 

1 2 



NOTES: 

1. This time can be extended through the use of the deskew * Timings are preliminary and subject to change. All timing 
timers. references assume 2.0 V for a logic "1" and 8 V for a logic "0". 

2. Units equal to AS cycle. t Units in nanoseconds (ns), except as noted 
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Counter/ 

Timer 

Timing 




S 

I 



No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*t 



1 


TcPC 


PCLK Cycle Time 


250 


4000 


165 


4000 


1 


2 


TwPCh 


PCLK High Width 


105 


2000 


70 


2000 




3 


TwPCl 


PCLK Low Width 


105 


2000 


70 


2000 




4 


TfPC 


PCLK Fall Time 




20 




10 




5 


TrPC 


PCLK Rise Time 




20 




15 




6- 


TcCI 


Counter Input Cycle Time 


500 




330 






7 


TCIh 


Counter Input High Width 


230 




150 






8 


TwCIl 


Counter Input Low Width 


230 




150 






9 


TfCI 


Counter Input Fall Time 




20 




15 




10 


TrCI 


Counter Input Rise Time 




20 




15 




11- 


-TsTI(PC) 


Trigger Input to PCLK 1 Setup Time 

(Timer Mode) 


-150- 








2 


12 


TsTI(CI) 


Trigger Input to Counter Input 1 Setup 
Time (Counter Mode) 


150 








2 


13 


TwTI 


Trigger Input Pulse Width (High or Low) 


200 










14- 


TcC , T(Pr t \ 




-100 - 








2 




(Timer Mode) 


15 


TsGI(CI) 


Gate Input to Counter Input 1 Setup 
Time (Counter Mode) 


100 








2 


16 


ThGI(PC) 


Gate Input to PCLK 1 Hold Time (Timer 
Mode) 


100 








2 


17- 




O 4. T 14./-I 4. T 4.IOU 


-100 - 








2 


Im^rHL/JJ 


Time (Counter Mode) 


18 


TdPC(CO) 


PCLK to Counter Output Delay (Timer 
Mode) 




475 








19 


TdCI(CO) 


Counter Input to Counter Output Delay 
(Counter Mode) 




475 









NOTES 

1. PCLK is only used with the counte r/time rs (in Timer mode), the 
deskew timers, and the REQUEST/WAIT logic If these func- 
tions are not used, the PCLK input can be held low 

2 These parameters must be met to guarantee that trigger or gate 



are valid for the next counter/timer cycle 
* Timings are preliminary and subject to change. All timing refer- 
ences assume 2.0 V for a logic "1" and 8 V for a logic "0" 
T Units in nanoseconds (ns) 
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REQU EST/ 

WAIT 

Timing 




No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*t 



1 TdDS(REQ) 

2 TdDS(WAIT) 

3 TdPC(REQ) 

4 TdPC(WAIT) 



DS~1 to REQ i Delay 
DS~i to WAIT i Delay 
PCLK 1 to REQ t Delay 



PCLK i to WAIT t Delay 



5 TdACK(REQ) ACKIN i to REQ t Delay 



TdACK(WAIT) ACKIN i to WAIT t Delay 



500 

500 

300 

300 

3 + 2 
+ 1000 

10 + 600 



1,2 
3 



NOTES- 

1. The Delay is from DAV i for the 3-Wire Input Handshake. The 
delay is from DAC t for the 3-Wire Output Handshake. 

2. Units equal to AS cycles + PCLK cycles + ns. 



3. Units equal to PCLK cycles + ns. 

* Timings are preliminary and subject to change. All timing refer- 
ences assume 2.0 V for a logic "1" and 0.8 V for a logic "0". 
t Units in nanoseconds (ns), except as noted. 



Reset 
Timing 



vy 



n r 



k-O*- *<D-H - — © — - 

J -\_r-\ r 



j- 



No. Symbol 



Parameter 



4 MHz 
Min Max 


6 MHz 
Min Max 


40 


15 


50 


30 


250 


170 



Notes*f 



1 TdDSQ(AS) Delay from DS t to AS i for No Reset 

2 TdASQ(DS) Delay from AS t to DS I for No Reset 

3 TwRES Minimum Width of AS and DS both Low for Reset 



NOTES. 

1 Internal circutry allows for the reset provided by the Z8 (DS 
held Low while AS pulses) to be sufficient 



* Timings are preliminary and subject to change. All timing refer- 
ences assume 2.0 V for a logic "1" and 0.8 V for a logic u 0" 
t Units in nanoseconds (ns). 
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Miscellaneous 

Port 

Timing 



1'* CATCHER 



MATCH 
INPUT(S) , 

DATA TO BE 
LATCHED TO 
PATTERN MATCH . 



Hk© 



n^t 



yi 



©■ 



y: 



-G>- 



PATTERN MATCHES 



-®- 



x: 



;c 



No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*t 



1 


TrI 


2 


Tfl 


3 


Twl's 


4 


TwPM 


5 


TsPMD 


6 


ThPMD 



Any Input Rise Time 

Any Input Fall Time 

l's Catcher High Width 250 

Pattern Match Input Valid (Bit Port) 750 

Data Latched on Pattern Match Setup Time (Bit Port) 

Data Latched on Pattern Match Hold Time (Bit Port) 1000 



100 




100 


100 


170 

500 



650 


100 



NOTES: 




1 . If the input is programmed inverting, a Low-going pulse of the 


* Timings are preliminary and subject to change. All timing refer- 


same width will be detected. 


ences assume 2.0 V for a logic "1" and 0.8 V for a logic "0", 




t Units in nanoseconds (ns). 



Bidirectional 

Port 

Timing 



IN/OUT 


/ 


















RFD/DAV 
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ACKIN 












"~A 



\ 



7 



-ay 



-®- 
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No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*t 



1 TdlOr(DAV) I/O t to RFD/DAV High Delay 

2 TdlOr(DRZ) I/O t to Data Float Delay 

3 TdlOr(ACK) I/O t to ACKIN J Delay 

4 TdlOf(RFD) I/O J to RFD/DAV High Delay 

5 TdlOf(DAV) I/O 1 to RFD/DAV 1 Delay 

6 TdDO(IO) I/O 1 to Data Bus Driven 



500 




500 




500 




500 


o 


500 




500 






3 




1 




2 




1 



NOTES: _ 

1 . Units equal to AS cycles. 

2. Minimum delay is four AS cycles or one AS cycle after the cor- 
responding IP is cleared, whichever is longer. 



* Timings are preliminary and subject to change All timing 

references assume 2.0 V for a logic "1" and 0.8 V for a logic "0" 
t Units m nanoseconds (ns) 
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ORDERING INFORMATION 

Z8036Z-CIO,4.0MHz 
40-pin DIP 44-pin LCC 44-pin PCC 

Z8036 PS Z8036 LM * Z8036 VS 

Z8036CS Z8036LMB*t 

Z8036 PE 

Z8036 CE 

Z8036CM* 

Z8036CMB* 

Z8036AZ-CIO,6.0MHz 
40-pin DIP 44-pin LCC 44-pin PCC 

Z8036A PS Z8036A LM * Z8036A VS 

Z8036ACS Z8036ALMB*t 

Z8036A PE 

Z8036A CE 

Z8036ACM* 

Z8036ACMB* 



Codes 

First letter is for package; second letter is for temperature. 

C = Ceramic DIP R = Protopack 

P = Plastic DIP T = Low Profile Protopack 

L = Ceramic LCC DIP = Dual-ln-Line Package 

V = Plastic PCC LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 

TEMPERATURE FLOW 

S =0°Cto+70°C B =883 Class B 

E = -40°Cto +85°C 

M*= -55°Cto+125°C 

Example: PS is a plastic DIP, 0°C to +70°C. 

fAvailablesoon 

* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 
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Z8038Z8000 
Z-FIO FIFO Input/ 
Output Interlace Unit 



Zilog 



Product 
Specification 



April 1985 



Features ■ 128-byte FIFO buffer provides asynchronous 

bidirectional CPU/CPU or CPU/peripheral 
interface, expandable to any width in byte 
increments by use of multiple FIOs. 

■ Interlocked 2- Wire or 3- Wire Handshake 
logic port mode; Z-BUS or non-Z-BUS 
interface. 

■ Pattern- recognition logic stops DMA 
transfers and/or interrupts CPU; preset byte 
count can initiate variable- length DMA 
transfers. 



Seven sources of vectored/nonvectored 
interrupt which include pattern-match, 
byte count, empty or full buffer status; 
a dedicated "mailbox" register with 
interrupt capability provides CPU/CPU 
communication. 
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CO 
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REQUEST/WAIT lines control high-speed 
data transfers. 

All functions are software controlled via 
directly addressable read/write registers. 



General The Z8038 FIO provides an asynchronous 128- 

Description byte FIFO buffer between two CPUs or between a 
CPU and a peripheral device. This buffer inter- 
face expands to a 16-bit or wider data path and 
expands in depth to add as many Z8060 FIFOs 
(and an additional FIO) as are needed. 

The FIO manages data transfers by assuming 
Z-BUS, non-Z-BUS microprocessor (a general- 
ized microprocessor interface), Interlocked 2- 



Wire Handshake, and 3- Wire Handshake 
operating modes. These modes interface dissimi- 
lar CPUs or CPUs and peripherals running under 
differing speeds or protocols, allowing asyn- 
chronous data transactions and improving I/O 
overhead by as much as two orders of magnitude. 
Figures 1 and 2 show how the signals controlling 
these operating modes are mapped to the FIO 
pins. 
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Figure 1. Pin Functions 
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General The FIO supports the Z-BUS interrupt pro- 

Description tocols, generating seven sources of interrupts 
(Continued) upon any of the following events: a write to a 
message register, change in data direction, 
pattern match, status match, over/underflow 
error, buffer full and buffer empty status. Each 
interrupt source can be enabled or disabled, 
and can also place an interrupt vector on the 
port address/data lines. 
The data transfer logic of the FIO has been 



specially designed to work with DMA (Direct 
Memory Access) devices for high-speed 
transfers. It provides for data transfers to or 
from memory each machine cycle, while the 
DMA device generates memory address and 
control signals. The FIO also supports the 
variably sized block length, improving system 
throughput when multiple variable length 
messages are transferred amongst several 
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Figure 2b. 44-pin Chip Carrier, Pin Assignments 
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Functional Operating Modes. Ports 1 and 2 operate in 
Description any of twelve combinations of operating 

modes, listed in Table 2. Port 1 functions in 
either the Z-BUS or non-Z-BUS microprocessor 
modes, while Port 2 functions in Z-BUS, non- 
Z-BUS, Interlocked 2-Wire Handshake, and 
3- Wire Handshake modes. Table 1 describes 
the signals and their corresponding pins in 
each of these modes. 



The pin diagrams of the FIO are identical, 
except for two pins on the Port 1 side, which 
select that port's operating mode. Port 2's 
operating mode is programmed by two bits in 
Port l's Control register 0. Table 2 describes 
the combinations of operating modes; Table 3 
describes the control signals mapped to pins 
A- J in the five possible operating modes. 



Signal Z-BUS 
Pins Low Byte 


Z-BUS 
High Byte 


Non-Z-BUS 


Interlocked 
HS Port* 


3-Wire 
HS Port* 


E REQ/WT 


REQ/WT 
DMASTB 


REQ/WT 
DACK 


RFD/DAV 


RFD/DAV 


LbJ DMASTB 


ACKIN 


DAV/DAC 


E DS 


DS 


RD 


FULL 


DAC/RFD 


m r/w 


R/W 
CS 


WR 
CE 


EMPTY 


EMPTY 


E CS 


CLEAR 


CLEAR 


E AS 


AS 
A 


C/D 


DATA DIR 
IN 


DATA DIR 


[Gj INTACK 


INTACK 


INo 


E ieo 


Al 


IEO 


OUTi 


OUTi 


E IEI 


A 2 


IEI 


OE 


OE 


E INT 


A 3 


INT 


OUT 3 


OUT3 


*2 side only. 
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Table 1. Pin Assignments 



Mode 


Mi 


M 


Bl 


BO 


Portl 


Port 2 

















Z-BUS Low Byte 


Z-BUS Low Byte 


1 











1 


Z-BUS Low Byte 


Non-Z-BUS 


2 













Z-BUS Low Byte 


3-Wire Handshake 


3 










1 


Z-BUS Low Byte 


2- Wire Handshake 


4 





1 








Z-BUS High Byte 


Z-BUS High Byte 


5 





1 




1 


Z-BUS High Byte 


Non-Z-BUS 


6 





1 







Z-BUS High Byte 


3- Wire Handshake 


7 





1 




1 


Z-BUS High Byte 


2- Wire Handshake 


8 


1 










Non-Z-BUS 


Z-BUS Low Byte 


9 


1 







1 


Non-Z-BUS 


Non-Z-BUS 


10 


1 










Non-Z-BUS 


3- Wire Handshake 


11 


1 







1 


Non-Z-BUS 


2- Wire Handshake 



Table 2. Operating Modes 
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Functional 
Description 

(Continued) 
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Figure 4. CPU to CPU Configuration 



Figure 5. CPU to I/O Configuration 
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Pins Common 
To Both Sides 



Pin 
Signals 



Pin 
Names 



Pin 
Numbers 



M 

Mi 

+ 5Vdc 

GND 



M 

Mi 

+ 5Vdc 

GND 



21 
19 
40 
20 



Signal 
Description 



Mi and Mo program Port 1 
side CPU interface 

DC power source 
DC power ground 



Z-BUS 
Low Byte 
Mode 



Pin 
Signals 



AD -AD 7 
(Address/Data) 



REQ/WAIT 
(Request/Wait) 



DMASTB 
(Direct Memory 
Access Strobe) 

DS 

(Data Strobe) 

R/W 
(Read/Write) 

CS 

(Chip Select) 

AS 

(Address Strobe) 



INTACK 
(Interrupt 
Acknowledge) 

IEO 

(Interrupt 
Enable Out) 

IEI 

(Interrupt 
Enable In) 

INT 
(Interrupt) 



Pin Numbers 
Pin Port 

Names 1 2 



D -D 7 
A 

B 

C 
D 
E 
F 
G 



11-18 29-22 

1 39 

2 38 



3 


37 


4 


36 


5 


35 


6 


34 


7 


33 



32 



31 



30 



Signal 
Description 



Multiplexed bidirectional address/data lines, Z-BUS 
compatible. 

Output, active Low, REQUEST (ready) line for DMA 
transfer; WAIT line (open-drain) output for syn- 
chronized CPU and FIO data transfers. 

Input, active Low. Strobes DMA data to and from 
the FIFO buffer. 



Input, active Low. Provides timing for data trans- 
fer to or from FIO. 

Input; active High signals CPU read from FIO; 
active Low signals CPU write to FIO. 

Input, active Low. Enables FIO. Latched on the 
rising edge of AS. 

Input, active Low. Addresses, CS and INTACK 
sampled while AS Low. 

Input, active Low. Acknowled ges an interrupt. 
Latched on the rising edge of AS. 

Output, active High. Sends interrupt enable to 
lower priority device IEI pin. 

Input, active High. Receives interrupt enable from 
higher priority device IEO signal. 

Output, open drain, active Low. Signals FIO inter- 
rupt request to CPU. 



N 
00 
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N 



Z-BUS 
High Byte 
Mode 



Pin 
Signals 



Pin Numbers 
Pin Port 

Names 1 2 



AD -AD 7 
(Address/Data) 



REQ/WAIT 
(Request/Wait) 



DMASTB 
(Direct Memory 
Access Strobe) 

DS 

(Data Strobe) 

R/W 
(Read/Write) 

CS 

(Chip Select) 

AS 

(Address Strobe) 

A 

(Address Bit 0) 

Ai 

(Address Bit 1) 

A 2 

(Address Bit 2) 

A 3 

(Address Bit 3) 



D -D 7 
A 

B 

C 
D 
E 
F 
G 
H 
I 
J 



11-18 29-22 

1 39 

2 38 



3 


37 


4 


36 


5 


35 


6 


34 


7 


33 


8 


32 


9 


31 


10 


30 



Signal 
Description 



Multiplexed bidirectional address/data lines, Z-BUS 
compatible. 

Output, active Low, REQUEST (ready) line for DMA 
transfer; WAIT line (open-dram) output for syn- 
chronized CPU and FIO data transfers. 

Input, active Low. Strobes DMA data to and from the 
FIFO buffer. 

Input, active Low. Provides timing for transfer of data 
to or from FIO. 

Input, active High. Signals CPU read from FIO; active 
Low signals CPU write to FIO. 

Input, active Low. Enables FIO. Latched on the 
rising edge of AS. 

Input, active Low. Addresses, CS and INTACK are 
sampled while AS is Low. 

Input, active High. With A\, A 2 , and A3, addresses 
FIO internal registers. 

Input, active High. With Ao, A 2 , and A3, addresses 
FIO internal registers. 

Input, active High. With Aq, A\, and A3, addresses 
FIO internal registers. 

Input, active High. With Aq, A\, and A2, addresses 
FIO internal registers. 



Table 3. Signal/Pin Descriptions 
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Non-Z-BUS 
Mode 



Pin 
Signals 



Pin Numbers 
Pin Port 

Names 1 4 



D -D 7 
(Data) 

REQ/WT 
(Request/Wait) 



DACK 

(DMA Acknowledge) 

RD 
(Read) 

WR 
(Write) 

Cl 

(Chip Select) 

C/D 
(Control/Data) 



INTACK 
(Interrupt 
Acknowledge) 

IEO 

(Interrupt 
Enable Out) 

IEI 

(Interrupt 
Enable In) 

INT 
(Interrupt) 



D0-D7 
A 

B 
C 
D 
E 
F 
G 



11-18 29-22 



39 



38 
37 
36 
35 
34 
33 



Signal 
Description 



10 



30 



Bidirectional data bus. 

Output, active Low, REQUEST (ready) line for DMA 
transfer; WAIT line (open-drain) output for syn- 
chronized CPU and FIO data transfer. 

Input, active Low. DMA acknowledge. 

Input, active Low. Signals CPU read from FIO. 

Input, active Low. Signals CPU write to FIO. 

Input, active Low. Used to select FIO. 

Input, active High. Identifies control byte on D0-D7; 
active Low identifies data byte on D0-D7. 

Input, active Low. Acknowledges an interrupt. 



Output, active High. Sends interrupt enable to 
lower priority device IEI pin. 

Input, active High. Receives interrupt enable from 
higher priority device IEO signal. 

Output, open drain, active Low. Signals FIO interrupt 
to CPU. 



Port 2-I/0 
Port Mode 



Pin 
Signals 



Pin Pin 

Names Numbers 



Mode 



Signal 
Description 



D -D 7 
(Data) 

RFD/DAV 

(Ready for Data/Data 

Available) 



ACKIN 
(Acknowledge Input) 

DAV/DAC 

(Data Available/Data 

Accepted) 

FULL 

DAC/RFD 

(Data Accepted/Ready 

for Data) 

EMPTY 

CLEAR 

DATA DIR 
(Data Direction) 

IN 

OUTi 

OE 

(Output Enable) 

OUT3 



D0-D7 
A 

B 
B 



C 
C 

D 
E 
F 

G 
H 
I 
J 



29-22 
39 

38 
38 

37 
37 

36 
35 
34 

33 
32 
31 
30 



2-Wire HS* 
3- Wire HS 

2- Wire HS 
3- Wire HS 

2- Wire HS 

3- Wire HS 



2- Wire HS 
3- Wire HS 



2- Wire HS 
3- Wire HS 

2- Wire HS 
3- Wire HS 

2- Wire HS 
3- Wire HS 

2-Wire HS 
3- Wire HS 

2- Wire HS 
3- Wire HS 

2-Wire HS 
3- Wire HS 

2-Wire HS 
3- Wire HS 



Bidirectional data bus. 

Output, RFD active High . Sig nals peripherals that FIO 
is ready to receive data. DAV active Low signals 
that FIO is ready to send data to peripherals. 

Input, active Low. Signals FIO that output data is 
received by peripherals or that input data is valid. 

Input; DAV (active Low) signals that data is valid on 
bus. DAC (active High) signals that output data is 
accepted by peripherals. 

Output, open drain, active High. Signals that FIO 
buffer is full. 

Direction controlled by internal programming. Both 
active High. DAC (an output) signals that FIO has 
received data from peripheral; RFD (an input) signals 
that the listeners are ready for data. 

Output, open drain, active High. Signals that FIFO 
buffer is empty. 

Programmable input or output, active Low. Clears all 
data from FIFO buffer. 

Programmable input or output. Active High signals 
data input to Port 2; Low signals data output from 
Port 2. 

Input line to Do of Control Register 3. 

Output line from Dj of Control Register 3. 

Input, active Low. When Low, enables bus drivers. 
When High, floats bus drivers at high impedance. 

Output line from D3 of Control register 3. 



* Handshake 



Table 3. Signal/Pin Descriptions (Continued) 
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Reset The FIO can be reset under either hardware 

or software control by one of the following 
methods: 

■ By forcing both AS and DS Low simultane- 
ously in Z-BUS mode (normally illegal). 

■ By forcing RD and WR Low simultaneously 
in non- Z-BUS mode. 

■ By writing a 1 to the Reset bit in Control 
register for software reset. 

In the Reset state, all control bits are cleared 
to 0. Only after clearing the Reset bit (by 



writing a to it) can the other command bits 
be programmed. This action is true for both 
sides of the FIO when programmed as a CPU 
interface. 

For proper system control, when Port 1 is 
reset, Port 2 is also reset. In addition, all Port 
2's outputs are floating and all inputs are 
ignored. To initiate the data transfer, Port 2 
must be enabled by Port 1. The Port 2 CPU 
can determine when it is enabled by reading 
Control register 0, which reads "floating" data 
bus if not enabled and u 01h" if enabled. 



CPU The FIO is designed to work with both 

Interfaces Z-BUS- and non-Z-BUS-type CPUs on both Port 

1 and Port 2. The Z-BUS configuration inter- 
faces CPUs with time-multiplexed address and 
data information on the same pins. The Z8001, 
Z8002, and Z8 are examples of this type of 
CPU. The AS (Address Strobe) pin is used to 
latch the address and chip select information 
sent out by the CPU. The R/W (Read/Write) 
pin and the DS (Data Strobe) pin are used 
for timing reads and writes from the CPU to 



the FIO (Figures 6 and 7). 

The non-Z-BUS configuration is used for 
CPUs where the address and data buses are 
separate. Examples of this type of CPU are the 
Z80 and 8080. The RD (Read) and WR (Write) 
pins are used to time reads and writes fromjhe 
CPU to the FIO (Figures 9 and 10). The C/D 
(Control/Data) pin is_used to directly access 
the FIFO buffer (C/D = 0) and to access the 
other registers (C/D= 1). Read and write to all 
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Figure 6. Z-BUS Read Cycle Timing 
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CPU registers except the FIFO buffer 1 are two-step 

Interfaces operations, described as follows (Figure 8). 

(Continued) First, write the address (C/D= 1) of the register 
to be accessed into the Pointer Register (State 
0); second, read or write (C/D= 1) to the 
register pointed at previously (State 1). Con- 
tinuous status monitoring can be performed in 
State 1 by continuous Control Read operations 
(C/D=l). 

^The FIFO buffer can also be accessed by this two-step operation. 
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Figure 8. Register Access in Non-Z-BUS Mode 
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Figure 9. Non-Z-BUS Read Cycle Timing 
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Figure 10. Non-Z-BUS Write Cycle Timing 



WAIT When d ata is output by the CPU, the 

Operation REQ/WT (WAIT) pin is active (Low) only when 

the FIFO buffer is full, the chip is selecte d, 
and the FIFO buffer is addressed. WAIT goes 
inactive when the FIFO buffer is not full. 



When data is input by the CPU, the 
REQ/WT pin becomes active (Low) only when 
the FIFO buffer is empty, the chip is sele cted, 
and the FIFO buffer is addressed. WAIT goes 
inactive when the FIFO buffer is not empty. 



Interrupt The FIO supports Zilog's prioritized daisy 

Operation chain interrupt protocol for both Z-BUS and 

non-Z-BUS operating modes (for more details 
refer to the Zilog Z-BUS Summary). 

Each side of the FIO has seven sources of 
interrupt. The priorities of these devices are 
fixed in the following order (highest to lowest): 
Mailbox Message, Change in Data Direction, 
Pattern Match, Status Match, Overflow/ 



Underflow Error, Buffer Full, and Buffer 
Empty. Each interrupt source has three bits 
that control how it generates the interrupt. 
These bits are Interrupt Pending (IP), 
Interrupt Enable (IE), and Interrupt Under 
Service (IUS). 

In addition, each side of the FIO has an 
interrupt vector and four bits controlling the 
FIO interrupt logic. These bits are Vector 
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Interrupt Includes Status (VIS), Master Interrupt Enable 

Operation (MIE), Disable Lower Chain (DLC), and No 

(Continued) Vector (NV). 

A typical Interrupt Acknowledge cycle for 
Z-BUS operation is shown in Figure 1 1 and for 
non-Z-BUS operation in Figure 12 . The on ly 
difference isjhat in Z-BUS mode, INTACK is 
latched b y AS, and in non-Z-BUS mode 
INTACK is not latched. 

When MIE = 1 , reading the vector always 
includes status, independent of the state of the 



VIS bit. In this way, when VIS = 0, all infor- 
mation can be obtained with one additional 
read, thus conserving vector space. When 
MIE = 0, reading the vector register returns 
the unmodified base vector so that it can be 
verified. 

In non-Z-BUS mode, the IPs do not get set 
while in State 1. Therefore, to minimize inter- 
rupt latency, the FIO should be left in State 0. 
In Z-BUS mode IPS are set by an AS following 
the event. 
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Figure 11. Z-BUS Interrupt Acknowledge Cycle 
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Figure 12. Non-Z-BUS Interrupt Acknowledge Cycle 



CPU to CPU DMA Operation. The FIO is particularly well 
Operation suited to work with a DMA in both Z-BUS and 
non-Z-BUS modes. A data transfer between the 
FIO and system memory can take place during 
every machine cycle on both sides of the FIO 
simultaneously. 

In Z-BUS mode, the DMASTB pin (DMA 
Strobe) is usedto read or write into the FIFO 
buffer. The R/W (Read/Write) and DS (Data 
Strobe) signals are ignored by the FIO; 



however, the CS (Chip Select) signal is not 
ignored and therefore must be kept invalid. 
Figures 13 and 14 show typ ical tim ing. 

In Non-Z-BUS mode, the DACK pin (DMA 
Acknowledge) is used to tell th e FIO t hat its 
DMA request is granted. After DACK goes 
Low, every read or write to the FIO goes into 
the FIFO buffer. Figures 15 and 16 show 
typical timing. 
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CPU to CPU _ . v / v 

Operation a/dbus ) ( USSmL ) ( data from ro to memory y — 

(Continued) 
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Figure 13. Z-BUS FIO to Memory Data Transaction 



A/D BUS~) ( F A R0 D M R g S M S r> - < DATA FROM MEMORY TO F,0 ) 



\ 



■\ r 



Figure 14. Z-BUS Memory to FIO Data Transaction 
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Figure 15. Non-Z-BUS FIO to Memory Transaction 
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Figure 16. Non-Z-BUS Memory to FIO Data Transaction 



708 



2020-014,015,016,017 



CPU to CPU The FIO provides a special mode to enhance 

Operation its DMA transfer capability. Whe n da t a is 

(Continued) written into the FIFO buffer, the REQ/WT 

(REQUEST) pin is active (Low) until the FIFO 
buffer is full. It then goes inactive and stays 
inactive until the number of bytes in the FIFO 
buffer is equal to the value programmed into 
the Byte Count Comparison register. Then the 
REQUEST signal goes active and the sequence 
starts over again (Figure 17). 



When data is read from the FIO, the 
REQ/WT pin (REQUEST) is inactive until the 
number of bytes in the FIFO buffer is equal to 
the value programmed in the Byte Count Com- 
parison register. The REQUEST signal then 
goes active and stays active until the FIFO buf- 
fer is empty. When empty, REQUEST goes 
inactive and the sequence starts over again 
(Figure 18). 
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NUMBER IN BYTE COUNT COMPARISON REGISTER 

NOTES: 

1. FIFO empty. 

2. REQUEST enabled, FIO requests DMA transfer. 

3. DMA transfers data into the FIO. 

4. FIFO full, REQUEST inactive. 

5. The FIFO empties from the opposite port until the number 
of bytes in the FIFO buffer is the same as the number pro- 
grammed in the Byte Count Comparison register. 
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NUMBER IN BYTE COUNT COMPARISON REGISTER 



NOTES: 

1. FIFO empty. 

2. CPU/DMA fills FIFO buffer from the opposite port. 

3. Number of bytes in FIFO buffer is the same as the number 

of bytes programmed in the Byte Count Comparison register. 

4. REQUEST goes active. 

5. DMA transfers data out of FIFO until it is empty. 
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Figure 17. Byte Count Control: Write to FIO 



Figure 18. Byte Count Control: Read from FIO 



Message Registers. Two CPUs can communi- 
cate through a dedicated "mailbox" register 
without involving the 128 x 8 bit FIFO buffer 
(Figure 19). This mailbox approach is useful 
for transferring control parameters between 
the interfacing devices on either side of the 
FIO without using the FIFO buffer. For 
example, when Port l's CPU writes to the 
Message Out register, Port 2's message IP is 
set. If interrupts are enabled, Port 2's CPU is 



interrupted. Port 2's message IP status is 
readable from the Port 1 side. When Port 2's 
CPU reads the data from its Message In regis- 
ter, the Port 2 IP is cleared. Thus, Port l's 
CPU can read when the message has been 
read and can now send another message or 
follow whatever protocol that is set up between 
the two CPU's. The same transfer can also be 
made from Port 2's CPU to Port l's CPU. 
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MESSAGE OUT 

REGISTER 



PORT 1 
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RBQISTER 
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MESSAGE IN 
REGISTER 



PORT 2 

► MESSAGE OUT 

REGISTER 



NOTE: Usable only for CPU/CPU interface. 
Figure 19. Message Register Operation 
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CPU to CPU CLEAR (Empty) FIFO Operation. The CLEAR 
Operation FIFO bit (active Low) clears the FIFO buffer of 

(Continued) data. Writing a to this bit empties the FIFO 
buffer, inactivates the REQUEST line, and 
disables the handshake (if programmed). The 
CLEAR bit does not affe ct any c ontrol or data 
regist er. To re move the CLEAR state, write a 1 
to the CLEAR bit. 

In CPU/CPU mode, under program control, 
only one of the ports can empty the FIFO by 
writing to its Control Register 3, bit 6. The 
Port 1 CPU must program bit 7 in Control 
Registe r 3 to determine which port controls the 
CLEAR FIFO operation (0 = Port 1 control; 
1 = Port 2 control). 

Direction of Data Transfer Operation. The 



Data Direction bit controls the direction of data 
transfer in the FIFO buffer. The Data Direction 
bit is defined as = output from CPU and 
1 = input to CPU. This bit reads correctly 
when read by either port's CPU. For example, 
if Port l's CPU reads a (CPU output) in its 
Data Direction bit, then Port 2's CPU reads a 1 
(input to CPU) in its Data Direction bit. 

In CPU/CPU mode, under program control, 
only one of the ports can control the direction 
of data transfer. The Port 1 CPU must program 
bit 5 in Control Register 3 to determine which 
port controls the data direction (0 = Port 1 
control; 1 = Port 2 control). Figure 20 shows 
FIO data transfer options. 
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(PROGRAM REGISTERS FOR OPERATING MODE, 
PORT 2 CONFIGURATION, DATA TRANSFER CONTROL, ETC.) 
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Figure 20. FIO Data Transfer Options 
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CPU to I/O When Port 2 is programmed in the Inter- 

Operation locked 2- Wire Handshake mode or the 3- Wire 

Handshake mode, and Port A is programmed 
in Z-BUS or non-Z-BUS Microprocessor mode, 
the FIO interfaces a CPU and a peripheral 
device. In t he Int erlo cked 2- W ire Handshake 
mode, RFD/DAV and ACKIN strobe data to 
and from P ort 2. I n the 3- Wire Handshake 
mode, RFD/DAV, DAV/DAC, and DAC/RFD 
signals control data flow. 

Interlocked 2- Wire Handshake. In the Inter- 
locked Handshake, the action of the FIO must 
be acknowledged by the other half of the 
handshake before the next action can take 
place. In output mode, Port 2 does not indicate 
that new data is available until the external 
device indicates it is ready for the data. 
Similarly, in input mode, Port 2 does not indi- 
cate that it is ready for new data until the data 
source indicates that the previous byte of the 
data is no longer available, thereby acknowl- 
edging Port 2's acceptance of the last byte. 
This allows the FIO to directly interface to a 
Z8's port, a CIO's port, a UPC's port, another 
FIO port, or another FIFO Z8060, with no 
external logic (Figures 21 and 22). 

3- Wire Handshake. The 3- Wire Handshake is 
designed for applications in which one output 
port is communicating with many input ports 
simultaneously. It is essentially the same as the 
Interlocked Handshake, except that two signals 
are used to indicate that an input port is ready 
for new data or that it has accepted the present 
data. In the 3- Wire Handshake, the rising 
edge of the RFD status line indicates that the 
port is ready for data, and the rising edge of 
the DAC status line indicates that the data has 
been accepted. With 3- Wire Handshake, the 
lines of many input ports can be bussed 
together with open- drain drivers and the out- 



put port knows when all of the ports are ready 
and have accepted the data. This handshake is 
the same handshake used in the IEEE-488 
Instruments. Since the port's direction can be 
changed under software control, bidirectional 
IEEE-488-type transfers can be performed. 
Figures 23 and 24 show the timings associated 
with 3- Wire Handshake communications. 

CLEAR FIFO Operation. In CPU-to-I/O 
operation, the CLEAR FIFO operation can be 
performed by the CPU side (Port 1 ) under soft- 
ware control as previously explained. The 
CLEAR FIFO operation can also be performed 
under h ardware control by defining the 
CLEAR pin of Port 2 as an input (Control 

Register 3, bit 7 = 1). 

For cascading purposes, the CLEAR pin can 
also be defined as an output (Control Register 
3/ kit 7 = 0), which reflects the current state 
of the CLEAR FIFO bit. It can then empty 
other FIOs or initialize other devices in the 
system. 

Data Direction Control. In CPU-to-I/O mode, 
the direction of data transfer can be controlled 
by the CPU side (Port 1) under software con- 
trol as previously explained. The data direc- 
tion can also be determined by hardware con- 
trol by defining the Data Direction pin 
of Port 2 as an input (Control Register 3, 
bit 5 = 1). 

For cascading purposes, the Data Direction 
pin can also be defined as an output (Control 
Register 3, bit 5 = 0) pin which reflects the 
current state of the Data Direction bit. It can 
then be used to control the direction of data 
transfer for other FIOs or for external logic. 

On the Port 2 side, when data direction is 0, 
Port 2 is in Output Handshake mode. When 
data direction is 1 , Port 2 is in Input Hand- 
shake mode. 
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CPU to I/O 
Operation 

(Continued) 
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Figure 21. Interlocked Handshake Timing (Input) Port 2 Side Only 
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Figure 22. Interlocked Handshake Timing (Output) Port 2 Side Only 
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Figure 23. Input (Acceptor) Timing IEEE-488 HS Port: Port 2 Side Only 
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Figure 24. Output (Source) Timing IEEE-488 HS Port: Port 2 Side Only 
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Programming The programming of the FIO is greatly- 
simplified by the efficient grouping of the 
various operation modes in the control 
registers. Since all of the control registers are 
read/write, the need for maintaining their 
image in system memory is eliminated. Also, 
the read/write feature of the registers aids in 
system debugging. 

Each side of the FIO has 16 registers. All 16 
registers are used by the Port 1 side; Control 
register 2 is not used on the Port 2 side. All 
registers are addressable Oh through Fh- 

In the Z-BUS Low Byte mode, the FIO allows 
two methods for register addressing under con- 
trol of the Right Justify Address (RJA) bit in 
Control register 0. When RJA = 0, address 
bus bits 1-4 are used for register addressing 
and bits 1, 5, 6, and 7 are ignored (Table 4). 
When RJA = 1 , bits 0-3 are used for the 
register addresses, and bits 4-7 are ignored. 

Control Registers. These four registers specify 
FIO operation. The Port 2 side control 



registers operate only if the Port 2 device is a 
CPU. The Port 2 CPU can control interface 
operations, including data direction, only 
when enabled by the setting of bit in the Port 
1 side of Control Register 2. A 1 in bit 1 of the 
same register enables the handshake logic. 

Interrupt Status Registers. These four 
registers control and monitor the priority 
interrupt functions for the FIO. 

Interrupt Vector Register. This register stores 
the interrupt service routine address. This vec- 
tor is placed on D0-D7 when IUS is set by the 
Interrupt Acknowledge signal from the CPU. 
When bit 4 (Vector Includes Status) is set in 
Control Register 0, the reason for the interrupt 
is encoded within the vector address in bits 1 , 
2, and 3. If bit 5 is set in Control register 0, no 
vector is output by the FIO during an Interrupt 
Acknowledge cycle. However, IUS is set as 
usual. 



Non Z-BUS 



IVD4 



D 3 



D 2 



Di 



x = Don't Care 

* Register is only on Port 1 side 



i 

0* 
00 
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Z-BUS High 




A3 


A2 


Ai 


Ao 




Z-BUS Low {™=° 


AD7-AD5 
AD7-AD4 


AD 4 
AD 3 


AD 3 
AD 2 


AD 2 
AD! 


AD! 
AD 


AD 


Description 














Control Register 


X 














X 


Control Register 1 


X 











1 


X 


Interrupt Status Register 


X 








1 





X 


Interrupt Status Register 1 


X 








1 


1 


X 


Interrupt Status Register 2 


X 





1 








X 


Interrupt Status Register 3 


X 





1 





1 


X 


Interrupt Vector Register 


X 





1 


1 





X 


Byte Count Register 


X 





1 


1 


1 


X 


Byte Count Comparison 
Register 


X 













X 


Control Register 2* 


X 










1 


X 


Control Register 3 


X 







1 





X 


Message Out Register 


X 







1 


1 


X 


Message In Register 


X 




1 








X 


Pattern Match Register 


X 




1 





1 


X 


Pattern Mask Register 


X 




1 


1 





X 


Data Buffer Register 


X 




1 


1 


1 


X 



Table 4. FIO Register Address Summary 
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Programming Byte Count Compare Register. This register 
(Continued) contains a value compared with the byte count 
in the Byte Count register. If the Byte Count 
Compare interrupt is enabled, an interrupt will 
occur upon compare. 

Message Out Register. Either CPU can place 
a message in its Message Out register. If the 
opposite side Message register interrupt is 
enabled, the receiving side CPU will receive 
an interrupt request, advising that a message 
is present in its Message In register. Bit 5 in 
Control Register 1 on the initiating side is set 
when a message is written. It is cleared when 
the message is read by the receiving CPU. 

Message In Register. This register receives a 
message placed in the Message Out register by 
the opposite side CPU. 

Pattern Match Register. This register contains 
a bit pattern matched against the byte in the 



Data Buffer register. When these patterns 
match, a Pattern Match interrupt will be 
generated, if previously enabled. 

Pattern Mask Register. The Pattern Mask 
register may be programmed with a bit pattern 
mask that limits comparable bits in the Pattern 
Match register to non- masked bits ( 1 = mask). 

Data Buffer Register. This register contains 
the data to be read from or written to the 
FIFO buffer. 

Byte Count Register. This is a read-only 
register, containing the byte count for the 
FIFO buffer. The byte count is derived by sub- 
tracting the number of bytes read from the buf- 
fer from the number of bytes written into the 
buffer. The count is "frozen" for an accurate 
reading by setting bit 6 (Freeze Status register) 
in Control Register 1 . This bit is cleared when 
the Byte Count register read is completed. 
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NOTES: 

1. Data from master CPU - Z-FIO Port 2. 

2. Z-FIO Port 1 -DCP. 

3. DCP -RAM. 

4. RAM -Z-SCC. 

5. Z-SCC — data comm. line loop. 
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Figure 25. Typical Application: Node Controller 
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Registers 



Control Register 

Address: 0000 
(Read/Write) 



| D 7 | D 6 | D 5 | D 4 | D 3 "p^ | D, | D | 



Li 



1 * RESET 

1 a RT JUST ADDRESS (RJA) 

■ (Bi) (Bo)* ^ 

1= NON* -BUS CPU > „™ « A ^15 „_ 

1 = 3-WIRE HS I/O I po « T 2 MODE 
1 1 = INTERLOCKED HS J 

■ 1 = VECTOR INCLUDES STATUS (VIS) 

■ 1 » NO VECTOR ON INTERRUPT (NV) 

- 1 = DISABLE LOWER DAISY CHAIN (DLC) 

■ 1 = INTERRUPTS ENABLED (MIE) 



Control Register 1 

Address: 0001 
(Read/Write) 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | D j 



LI— 1 = REQU 
— m WAIT 



REQUEST/WAIT ENABLED 



- 1 = START DMA ON BYTE COUNT 

- 1 = STOP DMA ON PATTERN MATCH 

- 1 = MESSAGE MAILBOX REGISTER UNDER SERVICE* 

- 1 = MESSAGE MAILBOX REGISTER FULL* 

- 1 => FREEZE STATUS REGISTER COUNT 
■ NOT USED (MUST BE PROGRAMMED 0) 



*READ ONLY BITS 



Control Register 2* 

Address: 1001 
(Read/Write) 



p 4 1 o 3 J p 2 I Pi j d7| 



PORT 2 SIDE ENABLED 

PORT 2 SIDE ENABLE HANDSHAKE 



Control Register 3 

Address: 1010 
(Read/Write) 

| D y | D 6 | Os | P 4 | Pa j P 2 j Pi 1 Do 1 



Li 



L PORT 2 SIDE-INPUT LINE* (PIN 33)* * 
PORT 2 SIDE-OUTPUT LINE (PIN 32)** 
NOT USED (MUST BE PROGRAMMED 0) 
PORT 2 SIDE-OUTPUT LINE (PIN 30)** 



. DATA DIRECTION BIT 
1 = INPUT TO CPU 
= OUTPUT FROM CPU 



- = CLEAR FIFO BUFFER 
• = PORT 1 SIDE CONTROLS CLEAR 
1 = PORT 2 SIDE CONTROLS 



5 



Figure 26. Control Registers 



Interrupt Status Register 

Address: 0010 
(Read/Write) 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | D j 



- NOT USED 

(MUST BE PROGRAMMED 0) 

- MESSAGE INTERRUPT PENDING (IP) 



- MESSAGE INTERRUPT ENABLE (IE) 

- MESSAGE INTERRUPT UNDER SERVICE (IUS) 



IUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND: 

NULL CODE 
CLEAR IP & IUS 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 



Figure 27. Interrupt Status Registers 



2020-027, 028 
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Registers 

(Continued) 



Interrupt Status Register 1 

Address: 0011 
(Read/Write) 

| D 7 | D 6 | D 5 | D 4 | D 3 [ D 2 | D, | D | 



DATA DIRECTION CHANGE INTERRUPT . 
UNDER SERVICE (IUS) 

DATA DIRECTION CHANGE INTERRUPT - 

ENABLE (IE) 

DATA DIRECTION CHANCE INTERRUPT ■ 

PENDING (IP) 

IUS, IE, AND IP ARE WRITTEN USING 

THE FOLLOWING COMMAND: 

NULL CODE 

CLEAR IP & IUS 

SET IUS 

CLEAR IUS 

SET IP 

CLEAR IP 

SET IE 

CLEAR IE 



J 

1 
1 

1 1 
1 1 





1 


1 


1 1 


1 


1 1 


1 1 


1 1 1 



Li 



L, 





o~"o~"i 
o~"i~~o 
o""r~T 

1 o 1 

7"T~o 



PATTERN MATCH FLAG* 
PATTERN MATCH INTERRUPT PENDING (IP) 

— PATTERN MATCH INTERRUPT ENABLED (IE) 
PATTERN MATCH INTERRUPT 

UNDER SERVICE (IUS) 

— NOT USED 

(MUST BE PROGRAMMED 0) 
IUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND: 

NULL CODE 
CLEAR IP & IUS 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 



•READONLY BITS 



Interrupt Status Register 2 

Address: 0100 
(Read/Write) 



D 7 D„ D 5 D 4 D 3 D ; 



EH 



BYTE COUNT COMPARE INTERRUPT 
UNDER SERVICE (IUS) 

BYTE COUNT COMPARE INTERRUPT 

ENABLE (IE) 

BYTE COUNT COMPARE INTERRUPT 

PENDING (IP) 



NULL CODE 

CLEAR IP & IUS 

SET IUS 

CLEAR IUS 

SET IP 

CLEAR IP 

SET IE 

CLEAR IE 



J 

1 1 

1 1 













1 


1 





1 


1 


1 





1 


1 


1 1 





1 1 


1 



LL 



UNDERFLOW ERROR* 
ERROR INTERRUPT PENDING (IP) 
. ERROR INTERRUPT ENABLED (IE) 
. ERROR INTERRUPT UNDER SERVICE (IUS) 
. OVERFLOW ERROR* 





7T7 

0_J__0 
0~1 1 

i""o 

1 1 
7~~i 



IUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND: 

NULL CODE 
CLEAR IP & IUS 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 



•READ-ONLY BITS 



Interrupt Status Register 3 

Address: 0101 
(Read/Write) 



| D 7 1 D 6 | D 5 | D 4 | D 3 1 D; | D 1 | Do | 



FULL INTERRUPT UNDER SERVICE (IUS) 
FULL INTERRUPT ENABLE (IE) 
FULL INTERRUPT PENDING (IP) 



NULL CODE 

CLEAR IP & IUS 

SET IUS 

CLEAR IUS 

SET IP 

CLEAR IP 

SET IE 

CLEAR IE 



I I 
| | 

"o~~ 
"o 1 

TT"i 

1 ~0 

TT7 

1 1 o 



Li 



BUFFER EMPTY* 

EMPTY INTERRUPT PENDING (IP) 

■ EMPTY INTERRUPT ENABLE (IE) 

- EMPTY INTERRUPT UNDER SERVICE (IUS) 

■ BUFFER FULL* 





LJL 3 

1 

o~T""T 
T"o~"o 

lIlj. 

1 1 



IUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND: 

NULL CODE 
CLEAR IP & IUS 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 



•READ-ONLY BITS 



Figure 27. Interrupt Stotus Registers (Continued) 
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Registers 

(Continued) 



Byte Count Register 

Address: 0111 
(Read Only) 

[d7| d 6 I d 5 I d 4 [ d 3 I d 2 I Pi I d7| 

I I I I I I I I 

REFLECTS NUMBER OF BYTES IN BUFFER 

Figure 28. Byte Count Register 



Interrupt Vector Register 

Address: 0110 
(Read/Write) 

| D 7 | D 6 | D 5 | D 4 | D 3 1 D 2 | D, | D | 



I 1 I 



VECTOR STATUS < 



NO INTERRUPTS PENDING 

BUFFER EMPTY 

BUFFER FULL 

OVER/UNDERFLOW ERROR 

BYTE COUNT MATCH 

PATTERN MATCH 

DATA DIRECTION CHANGE 

MAILBOX MESSAGE 



_L 



Figure 29. Interrupt Vector Register 



Pattern Match Register 

Address: 1101 
(Read/Write) 

| P 7 | D 6 | D s | D 4 | D 3 | D 2 [ D-, | Dp | 
I I I 1 1 11 I 



Figure 30. Pattern Match Register 



Pattern Mask Register 

Address: 1110 
(Read/Write) 

| D 7 | D 6 | D 5 I D 4 | D 3 | D 2 | D 1 | d7| 



IF SET, BITS 0-7 MASK BITS 7 

IN PATTERN MATCH REGISTER 

MATCH OCCURS WHEN ALL 

NON-MASKED BITS AGREE 



Figure 31. Pattern Mask Register 
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Data Buffer Register 

Address: 1111 
(Read/Write) 

| D 7 | D 6 [ D 5 | D 4 | D 3 | D 2 | D 1 | D | 

II 

CONTAINS THE BYTE TRANSFERRED 
TO OR FROM FIFO BUFFER RAM 



Figure 32. Data Buffer Register 



Byte Count Comparison Register 

Address: 1000 
(Read/Write) 



| D 7 1 D 6 | D 5 [ D 4 | D 3 | D 2 | Pi | Dp] 

I I I I I I I I 

CONTAINS VALUE COMPARED TO BYTE COUNT 

REGISTER TO ISSUE INTERRUPTS ON MATCH 

(BIT 7 ALWAYS 0.) 

Figure 33. Byte Count Comparison Register 



Message Out Register 

Address: 1011 
(Read/Write) 



Message In Register 

Address: 1100 
(Read Only) 



J D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D.TdTJ 

I I 1 I I I I I 

STORES MESSAGE SENT TO MESSAGE 
IN REGISTER ON OPPOSITE PORT OF FIO 



[dTTdTI D 5 1 D 4 I D 3 1 D 2 I Pi [ Dp I 

I I I I I I I I 

STORES MESSAGE RECEIVED FROM MESSAGE 
OUT REGISTER ON OPPOSITE PORT OF CPU 



Figure 34. Message Out Register 



Figure 35. Message In Register 
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Absolute Voltages on all pins with respect 

Maximum toGND -0.3V to +7.0V 

Ratings Operating Ambient 

Temperature See Ordering Information 

Storage Temperature - 65 °C to + 150°C 



Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



Standard The DC characteristics and capacitance sec- 

Test tions below apply for the following standard test 

Conditions conditions, unless otherwise noted. All voltages 

are referenced to GND. Positive current flows 

into the referenced pin. 

Standard conditions are as follows: 

■ +4.75 V < V cc < +5.25 V 

■ GND = V 

■ Ta as i 



' = u v 

3 specified in Ordering Information 




The Ordering Information section lists temper- 
ature ranges and product numbers. Package 
drawings are in the Package Information section 
in this book. Refer to the Literature List for addi- 
tional documentation. 



+ OV 

I. 



FROM OUTPUT c 
UNDER TEST 



Standard Test Load 



Open-Drain Test Load 



DC 

Charac- 
teristics 


Symbol 


Parameter 


Min 


Max 


Unit 


Condition 


VlH 


Input High Voltage 


2.0 


V CC + 0.3 


V 






V,L 


Input Low Voltage 


-0.3 


0.8 


V 






VoH 


Output High Voltage 


2.4 




V 


I OH = -250/iA 




Vol 


Output Low Voltage 




0.4 
0.5 


V 
V 


Iq L = +2.0 mA 
I OL = +3.2 mA 




k 


Input Leakage 


-10.0 


+ 10.0 


nA 


0.4 rs V IN £ +2.4V 




hi 


Output Leakage 


-10.0 


+ 10.0 


liA 


0.4 <; V OUT < +2.4V 




*LM 


Mode Pins Input Leakage 
(Pins 19 and 21) 


-100 


+ 10.0 


nA 


°< V IN< V CC 




fee 


V cc Supply Current 




200 


mA 






V CC =5V± 


5% unless otherwise specified, over 


specified temperature 


range. 






Capacitance 


Symbol 


Parameter 


Min 


Max 


Unit 


Condition 




ClN 


Input Capacitance 




10 


pf 






Qdut 


Output Capacitance 




15 


pf 






Ci/o 


Bidirectional Capacitance 




20 


pf 






Unmeasured pin 


j returned to ground. 










Inputs 


tr 


Any Input Rise Time 




100 


ns 






tf 


Any Input Fall Time 




100 


ns 





f = 1 MHz, over specified temperature range. 
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AC Characteristics 



No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*t 



1 


TwAS 


2 


TsA(AS) 


3 


ThA(AS) 


4 


TsCSO(AS) 


5- 


- ThCSO(AS) 


6 


TdAS(DS) 


7 


TsA(DS) 


8 


TsRWR(DS) 


9 
lO- 


TsRWW(DS) 


lwJJo 


ll 


TsDW(DSf) 


12 


TdDS(DRV) 


13 


TdDSf(DR) 


14 


ThDW(DS) 


15- 


-TdDSr(DR) 


16 


TdDS(DRz) 


17 


ThRW(DS) 


18 


TdDS(AS) 


19 


Trc 



AS Low Width 
Address to AS t Setup Time 
Address to AS t Hold Time 
CS to AS t Setup Time 

CS to AS t Hold Time 

AS t to DS t Delay 

Address to DS 1 (with AS t to DS i = 60 ns) 

R/W (Read) to DS 1 Setup Time 

R/W (Write) to DS J Setup Time 

DS Low Width 



Write Data to DS 1 Setup Time 
DS (Read) I to Address Data Bus Driven 
DS I to Read Data Valid Delay 
Write Data to DS t Hold Time 

DS t to Read Data Not Valid Delay 

DS t to Read Data Float Delay 
R/WtoDS t Hold Time 
DS t to AS I Delay 
Valid Access Recovery Time 



70 

30 

50 



-60- 

60 

120 

100 



■390- 

30 



30 
— 0- 



55 

50 

1000 



250 



70 



50 

10 

30 



-40 

40 

100 

80 



-250 ■ 

20 



20 
— 0- 



40 

25 

650 



180 



45 



N 
00 

o 

CO 
00 

M 

■ 



NOTES. 

1 . Parameter does not apply to Interrupt Acknowledge transactions. 

2. Float delay is measured to the time when the output has 
changed 0.5V from steady state with minimum ac load and 
maximum dc load. 



3 This is the delay from DS of one FIO access to DS of another FIO 

access (either read or write). 
* All timing references assume 2 0V for a logic "1" and 8V for 
a logic "0" All timings are preliminary and subject to change 
t Units in nanoseconds (ns) 




Figure 36. Z-BUS CPU Interface Timing 
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AC Characteristics 
No. Symbol Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*t 



20 


TsIA(AS) 


21 


ThlA(AS) 


22 


TsDSA(DR) 


23 


TwDSA 


24- 


-TdAS(IEO)- 


25 


TdlEI(IEO) 


26 


TsIEI(DSA) 


27 


ThlEI(DSA) 


28 


TdDS(INT) 


29 


TdDCST 



INTACK to AS t Setup Time 

INTACK to AS t Hold Time 

DS (Acknowledge) i to Read Data Valid Delay 

DS (Acknowledge) Low Width 



- AS t to IEO i Delay (INTACK Cycle) - 
IEI to IEO Delay 

IEI to DS (Acknowledge) 1 Setup Time 
IEI to DS (Acknowledge) t Hold Time 













250 




250 






250 




180 


390 




250 






^sn 




oqn 




150 




100 


100 




70 




50 




30 





DS (INTACK Cycle) to INT Delay 
Interrupt Daisy Chain Settle Time 



900 



800 



NOTES: 

4 The parameters for the devices in any particular daisy_ chain 
must meet the following constraint: The delay from AS to DS 
must be greater than the sum of TdAS(IEO) for the highest 
priority peripheral, TsIEI(DSA) for the lowest priority peripheral 



and TdlEI(IEO) for each peripheral, separating them in the 

chain. 
* Timings are preliminary and subject to change, 
t Units in nanoseconds (ns). 




Figure 37. Z-BUS CPU Interrupt Acknowledge Timing 
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AC Characteristics 



No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*f 



30 


TdMW(INT) 


31 


TdDC(INT) 


32 


TdPMW(INT) 


33 


TdPMR(INT) 


34- 




laoL^lJN 1; 


35 


TdER(INT) 


36 


TdEM(INT) 


37 


TdFL(INT) 


38 


TdAS(INT) 



Message Write to INT Delay 
Data Direction Change to INT Delay 
Pattern Match to INT Delay (Write Case) 
Pattern Match (Read Case) to INT Delay 

Status Compare to INT Delay 

Error to INT Delay 
Empty to INT Delay 
Full to INT Delay 
ASto INT Delay 



NOTES. 

5. Write is from the other side of FIO. 

6. Write can be from either side, depending on programming 
of FIO. 



WRITE 
MESSAGE 
REGISTER 
OUT 



* Timings are preliminary and subject to change 
T Units equal to AS Cycles + ns. 



A 



DATA 

DIRECTION 

CHANGE 



PATTERN . 
MATCH < 



STATUS 
COMPARE 



WRITE 
CONTROL 
REGISTER 3 



WRITE DATA 

BUFFER 

REGISTER 



READ DATA 

BUFFER 

REGISTER 



X 



-®- 



tE 



-®- 



A 



-®- 



WRITEORREAD OS 8 
DATA BUFFER 
REGISTER 



X 



-®- 



WRITE OR READ DS 
DATA BUFFER 
REGISTER 



X 



-<8>- 



READ DATA 

BUFFER 

REGISTER 



WRITE DATA 

BUFFER 

REGISTER 



\ 



-<§>- 




\ 



N 

00 

o 

00 
M 



Figure 38. Z-BUS Interrupt Timing 
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AC Characteristics 



No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*f 



1 TdDS(WAIT) 

2 TdDSl(WAIT) 

3 TdACK(WAIT) 
4— TdDS(REQ) 

5 TdDMA(REQ) 

6 TdDSl(REQ) 

7 TdACK(REQ) 

8 — TdSU(DMA) 

9 TdH(DMA) 

10 TdDMA(DR) 

11 TdDMA(DRH) 

12 TdDMA(DR2) 



AS t to WAIT 1 Delay 
DS1 t t o W AIT t D elay 
ACKIN I to WAIT t Delay 
■ PS I to R EQ t Dela y - 



DMASTB 1 to REQ t Delay 
DS1 t t o REQ 1 Delay 
ACKIN i to REQ i Delay 
Data Setup Time to DMASTB - 
Data Hold Time to DMASTB 
DMASTB 1 to Valid Data 
DMASTB t to Data Not Valid 
DMASTB t to Data Bus Float 



■200- 
30 



190 
1000 
1000 
-350- 
350 
1000 
1000 



150 



70 



-150- 
20 



160 
1000 
1000 
-300- 
300 
1000 
1000 



100 



45 



NOTES 

1 The delay is from DAV for 3-Wire Input Handshake The delay 
is from DAC for 3-Wire Handshake 



* Timings are preliminary and subject to change, 
t Units m nanoseconds (ns) 



DS DATA 

READ/WRITE BUFFER 

BY OTHER SIDE REGISTER 



DSI DATA 

WRITE/READ BUFFER 

BY OTHER SIDE REGISTER 



INPUT/ 
OUTPUT 
PORT 



DATA DATA 

FROM BUFFER 

FIO REGISTER 



WRITE DATA 

TO BUFFER 

FIO REGISTER 






Figure 39. Z-BUS Request/Wait Timing 






AC Characteristics 
No. Symbol 


4 MHz 
Parameter Min Max 


6 MHz 
Min Max 


Notes*f 


1 TdDSQ(AS) 

2 TdASQ(DS) 

3 Tw(AS + DS) 


Delay from DS t to AS i for No Reset 40 
Delay for AS t to DS I for No Reset 50 
Minimum Width of AS and DS Both Low for Reset. 500 


20 

30 

350 


1 



NOTES 

1 Internal circuitry allows for the reset provided by the Z8 (DS 
held Low while AS pulses) to be sufficient 



* Timings are preliminary and subject to change 
t Units in nanoseconds (ns) 



VJ' 



-*>- 



^ 



J-"-\\ 




Figure 40. Z-BUS Reset Timing 



722 



AC Characteristics 



No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*t 



1 TsA(RD) 

2 TsA(WR) 

3 ThA(RD) 
4— ThA(WR) — 

5 TsCEI(RD) 

6 TsCEI(WR) 

7 ThCEI(RD) 
8— ThCEI(WR)- 
9 TsCEh(RD) 

10 TsCEh(WR) 

11 TwRDl 
12— TdRD(DRA)- 

13 TdRDf(DR) 

14 TdRDr(DR) 

15 TdRD(DRz) 

16 — TwWRl 

17 TsDW(WR) 

18 ThDW(WR) 

19 Trc 



Address Setup to RD I 
Address Setup to WR I 
Address Hold Time to RD t 

- Address Hold Time to WR t - 
CE Low Setup Time to RD 
CE Low Setup Time to WR 
CE Low Hold Time to RD 

- CE Low Hold Time to WR — 



CE High Setup Time to RD 
CE High Setup Time to WR 
RD Low Width 

- RD i to Read Data Active Delay 

RD I to Valid Data Delay 

RD I to Read Data Not Valid Delay 
RD t to Data Bus Float 

- WR Low Width 



Data Setup Time to WR 
Data Hold Time to WR 
Valid Access Recovery Time 



80 

80 



— 0- 




— 0- 
100 
100 
390 

— 0- 



-390- 

30 
1000 



250 



70 





— 0- 




— 0- 
70 
70 

250 

— 0- 





-250- 

20 
650 



180 



45 



M 
00 

o 

CO 
00 



NOTES- 

1 . Parameter does not apply to Interrupt Acknowledge transactions. 

2. Float delay is measured to the time the output has changed 
0.5V from steady state with minimum ac load and maximum dc 
load. 



3. Thisis the delay from RD t or WR f of one FIO access to RD 1 

or WR 1 of another FIO access. 
* Timings are preliminary and subject to change. 
t Units in nanoseconds (ns) 




Figure 41. Non-Z-BUS CPU Interface Timing 



RDORWR 




Figure 42. Non-Z-BUS Interface Timimg 



2020-043, 044 
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AC Characteristics 
No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notesf* 



20 TdlEI(IEO) IEI to IEO Delay 

21 Tdl(IEO) INTACK 1 to IEO I Delay 

22 TsIEI(RDA) IEI Setup Time to RD (Acknowledge) 

23 TdRD(DR) RD i to Vector Valid Delay 

24 TwRDl(IA) Read Low Width (Interrupt Acknowledge) - 

25 ThlA(RD) INTACK t to RD t Hold Time 

26 ThlEI(RD) IEI Hold Time to RD I 

27 TdRD(INT) RD t to INT 1 Delay 

28 TdDCST Interrupt Daisy Cham Settle Time 





150 




100 




350 




250 


100 




70 






250 




180 


390 — 




°Rf) 








30 




20 




20 




10 





900 



350 



250 



800 



NOTES 

4 The parameter for the devices in any particular daisy chain 
must meet the following constraint - The delay from 
INTACK I to RD J must be greater than the sum of 
Tdl(IEO) for the highest priority peripheral, TsIEI(RD) 



for the lowest priority peripheral, and TdlEI(IEO) for each 

peripheral separating them in the chain 
t Units in nanoseconds (ns) 
* Timings are preliminary and subject to change 




Figure 43. Non-Z-BUS Interrupt Acknowledge Timing 
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AC Characteristics 



No. 


Symbol 


29 


TdMW(INT) 


30 


TdDC(INT) 


31 


TdPMW(INT) 


32- 


-TdPMR(INT)- 


33 


TdSC(INT) 


34 


TdER(INT) 


35 


TdEM(INT) 


36 


TdFL(INT) 


37 


TdSO(INT) 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*t 



Message Write to INT Delay 
Data Direction Change to INT Delay 
Pattern Match (Write Case) to INT Delay 
-Pattern Match (Read Case) to INT Delay - 
Status Compare to INT Delay 
Error to INT Delay 
Empty to INT Delay 
Full to INT Delay 
State to INT Delay 



5,6 
5,7 
5 
-5- 
5,7 
5,7 
5,7 
5,7 



NOTES. 

5 Delay number is valid for State only. 

6. Write is from other side of FIO. 

7. Write can be from either side, depending on programming of 
FIO 



* Timings are preliminary and subject to change, 
t Units in nanoseconds (ns) 



MESSAGE 


WRITE 


WRITE 


MESSAGE 




REGISTER 




OUT 


DATA 


WRITE 


DIRECTION 


CONTROL 


CHANGE 


REGISTER 3 




WRITE DATA 




BUFFER 




REGISTER 


PATTERN . 




MATCH 






READ DATA 




BUFFER 




REGISTER 


STATUS 


WRITE OR RE 


COMPARE 


DATA BUFFE 



1 



L @ *. 

1 (30) »► 



/ 



-®" 



/ 



-®- 



\ 



-<£>- 



WRITE OR READ WR5.7 OR Rl55,7 

DATA BUFFER 

REGISTER 



\ 



-{SP- 



READ DATA 

BUFFER 

REGISTER 



WRITE DATA 

BUFFER 

REGISTER 



X 



-<£)- 



X 



-(M>- 



"Y 



N 

§ 

CO 
00 

M 



Figure 44. Z-FIO Nop-Z-BUS Interrupt Timing 
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AC Characteristics 



No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*f 



1 TdCE(WT) 

2 TdRDl(WT) 

3 TdACK(WT) 

4 — TdRD(REQ) — 

5 TdRDl(REQ) 

6 TdACK(REQ) 

7 TdDAC(RD) 

8 — TSU(WR) 

9 Th(WR) 

10 TdDMA 

11 TdDMA(DRH) 

12 TdDMA(DRZ) 



CE I to WAIT Active 



RD1 I or WR1 t to WAIT Inactive 



ACKIN 1 to WAIT Inactive 
-RD J or WR i to REQ Inactive - 
RD1 t or WR1 t to REQ Active 



ACKIN i to REQ Active 



DACK I to RD I or WR i 
- Data Setup Time to WR — 
Data Hold Time to WR 
RD i to Valid Data 
RD t to Data Not Valid 
RD t to Data Bus Float 





200 




170 






1000 




1000 






1000 




1000 


1 




^RD 




— 300 

1000 






1000 








1000 




1000 




100 




80 






200 










30 






20 






150 




100 


2 












2 




70 




45 


2 



NOTES: 

1 . The delay is from DAV J for 3-Wire Input Handshake. The 
delay is fro m DAC t for 3- Wire Output Handshake. 

2. Only when DACK is active. 



* Timings are preliminary and subject to change. 
t Units in nanoseconds (ns) 



CE 



RD/WR 

READ/WRITE OF DATA 
BUFFER REGISTER 



WRWRDi 

WRITE/READ OF DATA 

BUFFER REGISTER 

BY OTHER SIDE 



ACKIN 

INPUT/OUTPUT PORT 



DATA PROM NO 



i 



1 



\ 



r>^ 



A 



\ 



® 



WR 




s 



Kl)- 



-®- 



\ 



-0- 



FIO WRITE TO DATA 
BUFFER REQISTER 



^ 



h-H-® 



Figure 45. Non-Z-BUS Request/Wait Timing 
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AC Characteristics 

No. Symbol Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*t 



1 TdWR(RD) Delay from WR t to RD 1 

2 TdRD(WR) Delay from RD t to WR I 

3 TwRD + WR Width of RD and WR, both Low for Reset 



100 


70 


100 


70 


500 


350 



NOTES- 

* Timings are preliminary and subject to change 

t Units in nanoseconds (ns). 




Figure 46. Non-Z-BUS Reset Timing 
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AC Characteristics 

No. Symbol Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*t 



1 TwCLR 

2 TdOE(DO) 

3 TdOE(DRZ) 



Width of Clear to Reset FIFO 
OE I to Data Bus Driven 
OE I to Data Bus Float 



700 




700 




NOTES. 

* Timings are preliminary and subject to change. 

T Units in nanoseconds (ns) 




f 



> 



Figure 47. Port 2 Side Operation 
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AC Characteristics 














No. Symbol 


Parameter 


4 MHz 
Min Max 


6 MHz 
Min Max 


Notes*t 






50 




50 






1 TsDI(ACK) 


Data Input to ACKIN i to Setup Time 




2 TdACKf(RFD) 


ACKIN 1 to RFD i Delay 





500 





500 




3 TdRFDr(ACK) 


RFD 1 to ACKIN 1 Delay 




P,r\ .... 















OU 




z!0 -■'- 






5 TdDAVf(ACK) 


DAV i to ACKIN i Delay 














6 ThDO(ACK) 


Data Out to ACKIN Hold Time 


50 



500 


50 



500 




7 TdACK(DAV) 


ACKIN 1 to DAV t Delay 




9. ThniYRFrA 


-Data Input to RFD 1 Hold Time 


— 0- 




— 










9 TdRFDf(ACK) 


RFD i to ACKIN t Delay 














10 TdACKr(RFD) 


ACKIN t (DAV t) to RFD t Delay— Interlocked and 
3-Wire Handshake 






400 






400 




11 TdDAVr(ACK) 


DAVt to ACKIN t (RFD t) 




12 — TdACKr(DAV)- 


-ACKIN t to DAV i 


— 0- 



800 


o — 




—800 




13 TdACKf(Empty) 


ACKIN i to Empty 




14 TdACKf(Full) 


ACKIN 1 to Full 



1 





1 






15 TcACK 


ACKIN Cycle Time 


1 



NOTES: 

* Timings are preliminary and subject to change, 
t Units in nanoseconds (ns), except as noted. 
1 . Units in microseconds. 



■IX 



0H 



^ 



-K^ 



-CD- 



/ 
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-y 



^ 



Figure 48. 2- Wire Handshake (Port 2 Side Only) Output 
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Figure 49. 2-Wire Handshake (Port 2 Side Only) Input 
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AC Characteristics 



No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*f 



1 


TsDI(DAV) 


2 


TdDAVIf(RFD) 


3 


TdDAVf(DAC) 


4- 


-ThDI(DAC) 


5 


TdDACIr(DAV) 


6 


TdDAVIr(DAC) 


7 


TdDAVIr(RFD) 


8- 


-TdRFDI(DAV) 


9 


TsDO(DAC) 


10 


TdDAVOf(RFD) 


11 


TdDAVOf(DAC) 


12- 


-ThDO(DAC) 


13 


TdDACOr(DAV) 


14 


TdDAVOr(DAC) " 


15 


TdDAVOr(RFD) 


16 


TdRFDO(DAV) ] 



Data Input to DAV I Setup Time 
DAV I to RFD I Delay 
DAV i to DAC t Delay 

Data In to DAC t Hold Time 

DAC t to DAV t Delay 
DAV t to DAC i Delay 
DAV t to RFD t Delay 

RFD t to DAV 1 Delay 

Data Out to DAV i 

DAV i to RFD I Delay 

DAV I to DAC t Delay 

Data Out to DAC t Hold Time — 

DAC t to DAV t Delay 

DAV t to DAC I Delay 

DAV t to RFD t Delay 

RFD t to DAV i Delay 



50 




50 







500 





500 





500 





500 


-0 — 





n 














500 





500 





500 





500 


u 




u 


























400 




400 

























800 





800 



N 

00 

© 

00 
N 



NOTES 

* Timings are preliminary and subject to change. 

t Units in nanoseconds (ns). 




/PIN\ DAC 
\ 37 / OUTPUT 






Figure 50. 3-Wire Handshake Input 




Figure 51. 3- Wire Handshake Output 
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ORDERING INFORMATION 



Z8038 Z-FIO, 4.0 MHz 
40-pin DIP 44-pin LCC 



Z8038 PS 
Z8038CS 
Z8038 PE 
Z8038 CE 
Z8038CM' 



t 



Z8038CMB^f 



Z8038LM*t 
Z8038 LMB*t 



Z8038 Z-FIO, 6.0 MHz 
40-pin DIP 44-pin LCC 

Z8038APS Z8038ALM*f 

Z8038 A CS Z8038 A LM B * t 

Z8038A PE 

Z8038ACE 

Z8038ACM*t 

Z8038ACMB*t 



Codes 



First letter is for package; second letter is for temperature. 



c 
p 

L 
V 


= Ceramic DIP 
= Plastic DIP 
= Ceramic LCC 
= Plastic PCC 


TEMPERATURE 
S = 0°Cto +70°C 
E = -40°Cto +85°C 
M*= -55°Cto+125°C 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 

FLOW 

B = 883 Class B 



Example: PS is a plastic DIR 0°C to + 70°C. 

t Available soon 

*For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 
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Z8060Z8000® 
FIFO Buffer Unit and 
Z-FIO Expander 



Zilog 



Product 
Specification 



April 1985 



FEATURES 



Bidirectional, asynchronous data transfer capability. 

Large 128-bit-by-8-bit buffer memory. 

Two-wire, interlocked handshake protocol. 

Wire-ORing of empty and full outputs for sensing of 
multiple-unit buffers. 



3-state data outputs. 

Connects any number of FIFOs in series to form buffer of 
any desired length. 

Connects any number of FIFOs in parallel to form buffer 
of any desired width. 



GENERAL DESCRIPTION 



The Z8060 First-ln First-Out (FIFO) Buffer Unit consists of a 
128-bit-by-8-bit memory, bidirectional data transfer and 
handshake logic. The structure of the FIFO unit is similar to 
that of other available buffer units. FIFO is a general-purpose 
unit; its handshake logic is compatible with that of other 
members of Zilog's Z8 and Z8000 Families. 

FIFOs can be cascaded end-to-end without limit to form a 
parallel 8-bit buffer of any desired length (in 128-byte 



increments). Any number of single- or multiple-unit FIFO 
serial buffers can be connected in parallel to form buffers of 
any desired width (in 8-bit increments). 

The FIFO buffer units are available as 28-pin packages. 
Figures 1 and 2 show the pin functions and pin 
assignments, respectively, of the FIFO device. A block 
diagram is shown in Figure 3. 
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Figure 1. FIFO Pin Functions 



Figure 2. FIFO Pin Assignments 
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Figure 3. Functional Block Diagram 



PIN DESCRIPTIONS 



ACKIN. Acknowledge Input (input, active Low). This line 
signals the FIFO that output data has been received by 
peripherals or that input data is valid. 



CLEAR. Clear Buffer (input, active Low). When set to Low, 
this line causes all data to be cleared from the FIFO buffer. 

D -D 7 . Data Bus (inputs/outputs, bidirectional). These 
bidirectional lines are used by the FIFO to receive and to 
transmit data. 

DIR A/B. Direction Input A/B (input, two control states). A 
High on this line signals that input data is to be received at 
Port B. A Low on this line signals that input data is to be 
received at Port A. 

EMPTY. Buffer Status (output, active High, open-drain). A 
High on this line indicates that the FIFO buffer is empty. 



FULL. Buffer Status (output, active High, open-drain). A 
High on this line indicates that the FIFO buffer is full. 

OEA, OEB. Output E nable A, Output Enable B (inputs, 
active Low). Wh en Low , OEA enables the bus drivers for Port 
A; when High, OEA causes the bus drivers to float to a 
high-impedance level. Input OEB contro ls the bus drivers 
for Port B in the same manner as OEA controls those for 
Port A. 

RFD/DAV. Ready-for-Data/Data Available (outputs RFD, 
active High; DAV active Low). RFD, when High, signals to 
the p eriph erals involved that the FIFO is ready to receive 
data. DAV, when Low, signals to the peripherals involved that 
FIFO has data available to send. 



FUNCTIONAL DESCRIPTION 



Interlocked 2-Wire Handshake. In interlocked 2-wire 
handshake operation, the action of FIFO must be 
acknowledged by the other half of the handshake before the 
next action can occur. In an Output Handshake mode, the 
FIFO indicates that new data is available only after the 
external device has indicated that it is ready for the data. In 
an Input Handshake mode, the FIFO does not indicate that it 
is ready for new data until the data source indicates that the 
previous byte of the data is no longer available, thereby 
acknowledging the acceptance of the last byte. This control 
feature allows the FIFO, with no external logic, to directly 
interface with the port of any CPU in the Z8 Family— a CIO, a 
UPC, an Z-FIO, or another FIFO. The timing for the input 
and output handshake operations is shown in Figures 4 and 
5, respectively. 



Resetting or Clearing the FIFO. The CLEAR input is used 
to initialize and clear the FIFO. A Low level on this input 
clears all data from the FIFO, allows th e EM PTY output to go 
High and forces both outputs RFD/DAV A and RFD/DAV B 
High. A High level on CLEAR allows the data to transfer 
through the FIFO. 



Bidirectional Transfer Control. The FIFO has 
bidirectional data transfer capability under control of the DIR 
A/B input. When DIR A/B is set Low, Port A becomes input 
handshake and Port B becomes output handshake; data 
transfers are then made from Port A to Port B. Setting DIR 
A/B High reverses the handshake assignments and the 
direction of transfer. This bidirectional control is illustrated in 
Table 1 . 

Table 1 . Bidirectional Control Function Table 



DIR A/B 



Port A 
Handshake 



PortB 
Handshake 



Transfer 



Input 
Output 



Output 
Input 



AtoB 
BtoA 
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The FIFO buffer must be empty before the direction of 
transfer is changed; otherwise, the results of the change will 
be unpredictable. If FIFO status is unknown when a transfer 
direction change is to be made, the recommended 
procedure is: 



(1) Force and hold CLEAR Low. 

(2) Set DIR A/B to the level required for the desired direction. 



(3) Force CLEAR High. 

Empty and Full Operation. The EMPTY and FULL output 
lines can be wire-ORed with the EMPTY and FULL lines of 
other FIFOs and Z-FIOs This capability enables the user to 
determine the empty/full status of a buffer consisting of 
multiple FIFOs, Z-FIOs, or a combination of both. Table 2 



Interconnection Example. Figure 6 illustrates a simplified 
block diagram showing the manner in which FIFOs can be 
interconnected to extend a Z-FIO buffer. 

Output Enable Operation. The FIFO provides a separate 
Output Enable (OE) signal for each port of the buffer. An OE 
output is valid only when its port is in the Output Handshake 
mode. The control of this output function is shown in Table 3. 
Signal OE operates with lines DIR A/B. A High on a valid OE 
line 3-states its port's data bus but does not affect the 
handshake operation. A Low level on a valid OE enables the 
data bus outputs if its port is in the Output Handshake mode. 
Note that the handshake operation is unaffected by the 
Output Enable pin. 

Table 3. Output Control Function Table 



shows the various states of EMPTY anc 


J FULL 
Operation Table 


DIR A/B 


oe a 


OE B 




Function 


Table 2. Signals EMPTY and FULL 
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X 
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1 



1 

X 
X 




Disable Port A Output 
Enable Port B Output 


Number of 
Bytes in FIFO EMPTY 


FULL 


Disable Port A Output 
Disable Port B Output 
Enable Port A Output 


High 
1-127 Low 
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Disable Port B Output 
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Figure 5. TWo-Wire Interlocked Handshake Timing (output) 



733 



FULL 
EMPTY 



PORT2 

of 
Z8038 



UAIA 



CLEAR 
DATA DIR 



-*► SYSTEM FULL 



-► SYSTEM EMPTY 



"1J~ 



EMPTY FULL 



UAIA 



Z8060 

ACKINa RFD/DAVb 



RFD/DAVa ACKINb 



0E B 
DIR A/B 



ir 



EMPTY FULL 



Z8060 

ACKTNa RFD/DAVb 



RFD/DAVa ACKINb 



DATA 



OE A 
CLEAR 



0E B 
DIR A/B 



DATA 
BUS 



HANDSHAKE 
SIGNALS 



• OUTPUT CONTROL 



-► SYSTEM CLEAR 



-*> SYSTEM DIRECTION 



Figure 6. Typical Interconnection (Simplified Diagram) 



ABSOLUTE MAXIMUM RATINGS 

Voltages on all pins with respect 

toGND -0.3Vto+7V 

Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°Cto +150°C 

Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device This is a stress rating only, 
operation of the device at any condition above those indicated in the 



operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

The Ordering Information section lists package temperature 
ranges and product numbers. Package drawings are in the 
Package Information section. Refer to the Literature List for 
additional documentation. 



STANDARD TEST CONDITIONS 

The AC characteristics and capacitance sections listed 
below apply for the following standard test conditions, 
unless otherwise noted. All voltages are referenced to GND 
(OV). Positive current flows into the referenced pin. 

Standard conditions are as follows- 



■ + 4.75V <V CC < + 5.25V 

■ GND = OV 

■ Ta as specified in Ordering Information. All AC 
parameters assume a load capacitance of 50 pf max. 



FROM OUTPUT , 
UNDER TEST 



p4 0-- ! 



Figure 7. Standard Test Load 




FROM OUTPUT < 
UNDER TEST 



Figure 8. Open-Drain Test Load 
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DC CHARACTERISTICS 



Symbol 



Parameter 



Min 



Max 



Unit 



Condition 



V|H 


Input High Voltage 


V|L 


Input Low Voltage 


V H 


Output High Voltage 


Vol 


Output Low Voltage 


IlL 


Input Leakage 


lOL 


Output Leakage 


•cc 


Vcc Supply Current 



2.0 


V C c + 0-3 


V 




0.3 


0.8 


V 




2.4 




V 


Iqh = -250p*A 




0.4 


V 


Iol = 2.0 mA 




0.5 


V 


Iol = 3.2 mA 




±10 


ma 


0.4 <V| N < 2.4V 




±10 


^ 


0.4 <V UT< 2.4V 




200 


mA 





NOTE: Vcc = + 5V ± 5% unless otherwise specified over specified temperature range. 



CAPACITANCE 



Symbol 



Parameter 



Min 



Max 



Unit 



C|N 
COUT 


Input Capacitance 
Output Capacitance 


Q/O 


Bidirectional Capacitance 


Input 




tr 


Any input rise time 


tf 


Any input fall time 



10 


pf 


15 


pf 


20 


Pf 


100 


ns 


100 


ns 



Over specified temperature range; f = 1 MHz. 
Unmeasured pins returned to ground. 



ORDERING INFORMATION 

Z8060 FIFO, 4.0 MHz 
28-pin DIP 

Z8060 PS 
Z8060CS 



Codes 



First letter is for package; second letter is for temperature. 

C = Ceramic DIP 

P = Plastic DIP 

L = Ceramic LCC 

V = Plastic PCC 



TEMPERATURE 
S =0°Cto+70°C 
E = -40°Cto+85°C 
M*= -55°Cto+125°C 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 

FLOW 

B = 883 Class B 



Example: PS is a plastic DIP, 0°C to + 70°C. 

fAvailable soon. 

* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 



735 



2-WIRE INTERLOCKED HANDSHAKE TIMING 

INPUT TIMING 
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Figure 9. Timing Diagrams 
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FIFO 2-Wire Handshake Timing. Timing for 2-wire 
interlocked handshake operation is shown in Figure 9. The 
symbol, description and values for the numbered 
parameters (Figure 9) are given in AC Characteristics. 

AC CHARACTERISTICS 



Number Symbol 



Parameter 



Min 



Max 



Units* 



TsDI(ACK) 

TdACKf(RFD) 

TdRFDr(ACK) 

TsDO(DAV) 

TdDAVf(ACK) 

ThDO(ACK) 

TdACK(DAV) 



Data Input to ACKIN I to Setup ime 



ACKIN I to RFD 4 Delay 
RFDt to ACKIN 4 Delay 
Data Out to DA/ 4 Setup Time 



DAV \ to ACKIN I Delay 



Data Out to ACKIN t Hold Time 



ACKIN 4 to DAV t Delay 



50 


50 


50 



500 



500 



ns 
ns 
ns 
ns 
ns 
ns 
ns 



M 

§ 

o 

3 



8 
9 
10 
11 
12 
13 



ThDI(RFD) 

TdRFDf(ACK) 

TdACKr(RFD) 

TdDAVr(ACK) 

TdACKr(DAV) 

TdACKINf(EMPTY) 



Data Input to RFD I Hold Time 



RFD 4 to ACKIN t Delay 



ACKIN t to RFD t Delay 
CAVt to ACKIN t 



ACKIN t to DAV 4 



(Input) ACKIN I to EMPTY I Delay 
(Output) ACKIN I to EMPTY t Delay 



400 
800 
600 



ns 
ns 
ns 
ns 
ns 



14 

15 
16 
17 
18 
19 



TdACKINf(FULL) 

ACKIN Clock Rate 

TdACKINf(DAVf) 

TwCLR 

TdOE(DO) 

TdOE(DRZ) 



(Input) ACKIN 4 to FULL t Delay 

(Output) ACKIN I to FULL I Delay 

(Input or Output) 

(Bubble Time) 

Width of Clear to Reset FIFO 

OE J to Data Bus Driven 

OEt to Data Bus Float 



700 



600 
1.0 
1000 

150 
100 



ns 

MHz 
ns 
ns 
ns 
ns 



* All timing references assume 2.0V for a logic 1 and 8V for a logic Timings are preliminary and subject to change 
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Z8068Z8000 Z-DCP 
Data Ciphering Processor 



Zilog 



Product 
Specification 



April 1985 



Features ■ Encrypts and decrypts data using the 

National Bureau of Standards encryption 
algorithm. 

■ Supports three standard ciphering modes: 
Electronic Code Book, Chain Block and 
Cipher Feedback. 

■ Three separate registers for encryption, 
decryption, and master keys improve system 



security and throughput by eliminating fre- 
quent reloading of keys. 

Three separate programmable ports (master, 
slave, and key data) provide hardware 
separation of encrypted data, clear data, 
and keys. 

Data rates greater than 1M bytes per second 
can be handled. 

Key parity check. 



General The Z8068 Data Ciphering Processor (DCP) 

Description is an n-channel, silicon-gate LSI device, which 
contains the circuitry to encrypt and decrypt 
data using National Bureau of Standards 
encryption algorithms. It is designed to be 
used in a variety of environments, including 
dedicated controllers, communication concen- 
trators, terminals, and peripheral task pro- 
cessors in general processor systems. 

The DCP provides a high throughput rate 
using Cipher Feedback, Electronic Code 
Book, or Cipher Block Chain operating modes. 
The provision of separate ports for key input, 
clear data, and enciphered data enhances 
security. 



The host system communicates with the DCP 
using commands entered in the master port or 
through auxiliary control lines. Once set up, 
data can flow through the DCP at high speeds 
because input, output and ciphering activities 
can be performed concurrently. External DMA 
control can easily be used to enhance 
throughput in some system configurations. 

The Z8068 DCP is designed to interface 
directly to Zilog's Z-BUS® . Device signal/pin 
functions are shown in Figure 1; actual pin 
number assignments are shown in Figure 2. 



fiics 
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AUX 4 
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■ CONTROL/ KEY 
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Figure 1. Pin Functions 



Figure 2. 40-pin Dual-In-Line Package 
(DIP) Pin Assignments 



2080-001, 002 Some of the material used herein is used by permission of Advanced Micro Devices, Inc. 
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Pin AFLG. Auxiliary Port Flag (output, active 

Descriptions Low) . This output signal indicates that the DCP 
is expecting key data to be entered on pins_ 
AUX0-AUX7. This can occur only when C/K is 
Low and a u Load Key Throu gh AUX Port" 
command has been entered. AFLG remains 
active (Low) during the input of all eight bytes 
and will go inactiv e with the leading edge of 
the eighth strobe (ASTB). 

ASTB. Auxiliary Port Strobe (input, active 
Low). In Multiplexed Contr ol mod e (C/K Low), 
the rising (trailing) edge of ASTB strobes the 
key data on pins AUX0-AUX7 into the 
appropriate int ernal k ey register. This input is 
ignored unless AFLG and C/K are both Low. 
One byte of key data is entered on each ASTB 
with the most significant byte entered first. 

AUX0-AUX7. Auxiliary Port Bus (bidirectional, 
active High). When the DCP is_ operated in 
Multiplexed Control mode'(C/K Low), these 
eight lines form a key-byte input port, which 
can be used to enter the master and session 
keys. This port is the only path available for 
entering the master key. (Session keys can also 
be entered via the master port.) AUXo is the 
low- order bit and is considered to be the parity 
bit in key bytes. The most significant byte is 
entered first. 

When the DCP is operated in Direct Control 
mode (C/K High), the auxiliary port's key- 
entry function is disabled and five of the eight 
lines become direct control/status lines for 
interfacing to high-speed microprogrammed 
controllers. In this case, AUXo, AUXi and 
AUX4 have no function, and the other pins are 
defined as follows: 

AUX2-BSY. Busy (output, active Low). This 
status output gives a hardware indication that 
the ci pheri ng algorithm is in operation. 
AUX 2 -BSY is driven by the BSY bit in the 
Status register s uch that when the BSY bit is 1 
(active), AUX 2 -BSY is Low. 

'AUX3-CP. Command Pending (output, active 
Low). This status output gives a hardware 
indication that the DCP is ready to accept the 
input of key bytes following a Low- to- High 
transition on AUX7-K/D. AUX3-CP is driven 
by the CP bit in the Status register such that 
when the CP bit is 1 (active), AUX3-CP is 
Low. 

AUX5-S/S. Start/Stop (input, Low = Stop). 
When this pin goes Low (Stop), the DCP 
follows the normal Stop command sequence. 
When this pin goes High, a sequence 
equivalent to a Start Encryption or Start 
Decryption command is followed. When _ 
AUX5-S/S goes High, the level on AUX 6 -E/D 
selects either the start encryption or start 
decryption operation. 

AUXe-E/D. Encrypt/Decrypt (input, 

Low = Decrypt). When AUX5-S/S goes High, 



it initiates a normal data ciphering operation 
whose input specifies whether the ciphering 
algorithm is to encrypt (E/D High) or decrypt 
(E/D Low). 

When AUX7-K/D goes High, initiatingjhe 
entry of key bytes, the level on AUXg-E/D 
specifies whether the bytes_are to be written 
into the E Key register (E/D High) or the D key 
Register (E/D Low). 

The AUX6-E/D input is not latched internally 
and must be held_constant whenever o ne or 
more of_AUX 5 -S/S, AUX7-K/D, AUX 2 -BSY, or 
AUX3-CP are active. Failure to maintain the 
proper level on AUX6-E/D during loading or 
ciphering operations results in scrambled data 
in the internal registers. 

AUX7-K/D. Key/Data (input, Low = Data). 
When this signal goes High, the DCP initiates 
a key-data input sequence as if a Load Clear E 
or D Key Through Master Port command had 
been entered. The level on AUX6-E/D deter- 
mines whether the subsequently entered clear- 
key bytes are written into the E key £egister 
(E/D High) or the D key register (E/D Low) 

AUX7-K/D and AUX5-S/S are mutually 
exclusive control lines; when one goes active 
(High), the other must remain inactive (Low) 
until the first returns to an inactive state. In 
addition, both lines must be inactive (Low) 
whenever a transition occurs on C/K (entering 
or exiting Direct Control mode). 
C/K. Control/Key Mode Control, (input, 
Low = Key) . This input determines the 
operating characteristics of the DCP. A Low 
input on C/K puts the DCP into the Multiplex- 
ed Control mode, enabling programmed 
access to internal registers through the master 
port and enabling input of keys through the __ 
master or auxiliary port. A High input on C/K 
specifies operation in Direct Control mode. In 
this mode, several of the auxiliary port pins 
become direct control status signals which can 
be driven/sensed by high-speed controller 
logic, and access to internal registers through 
the master port is limited to the Input or Out- 
put register. 

CLK. Clock (input, TTL compatible). An exter- 
nal timing source is inpu t via t he C LK pin. 
The Data Strobe signals (MDS, SDS) must 
change synchronously with this cl ock in put, as 
must Master Port Address Stro_be (MAS) in 
Multiplexed Control mode (C/K Low), and also 
AUX7-K/D and AUX5-S/S in Direct Control 
mode (C/K High). In addition, the Auxiliar y, 
Master and Slave P ort Flag outputs (AFLG, 
MFLG, and SFLG) change synchronously with 
the clock. When using the DCP with the Z8000 
CPU in Multiplexed Control mode, the clock 
input must agree in frequency and phase with 
the processor clock; however, the DCP does 
not require the high voltage levels of the pro- 
cessor clock. 
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Pin MAS. Master Port Address Strobe (input, 

Descriptions active Low). In Multiplexed Control mode 
(Continued) (C/K Low), an active (Low) signal on this pin 
indicates the presence of valid address and 
chip select information at the master port. This 
information is latched internally on t he ris ing 
edge of Master Port Address Strobe (MAS). 
When C/K is High (Direct Control mode), 
MAS can be High or Low without affecting 
DCP operation, except that, regardless of the 
state of C/K^ if both Master Port Add ress 
Strobe (MAS) and Data Strobe (MDS) are Low 
simultaneously, the DCP Mode register will be 
reset to ECB mode. The master port is 
assigned to clear data, the slave port is 
assigned to enable data, and all flags remain 
inactive. 

MCS. Master Port Chip Select (input, active 
High). This signal is used to select thejnaster 
port. In Mul tiplex ed Control mode (C/K Low), 
the level on MCS is latched internally on the 
rising edge of Master Port Address Strobe 
(M AS). This latched le vel is retained as long 
as MAS is High; when MAS is Low, the latch 
becomes i nvisibl e and the internal signal 
follows the MCS input. In Direct Control mode 
(C/K High), no latching of Maste r Port Chip 
Select occurs; the level on MCS is passed 
directly to the internal select circuitry, 
regard less of the state of Address Strobe 
(MAS). 

MDS. Maste r Por t Data Strobe (input, active 
Low). When MDS is active and Master Port 
Chip Select (MCS) is valid, it indicates that 
vali d data is present on MP0-MP7 during out- 
put. M DS and Master Port Address Strobe 
(MAS) are normally mutually exclusive; if both 
go Low simultaneously, the DCP is reset to 
ECB mode and all flags remain inactive. 

MFLG. Master Port Flag (output, active Low). 
This flag is used to indicate the need for a data 
transfer into or out of the master port during 
normal ciphering operation. Depending upon 
the control bits written to the Mode register, 
the master port is associated with either the 
Input register or the Output register. 

If data is to be transferred through the 
master port to the Input register, the MFLG 
reflects the contents of the Inp ut regis ter; after 
any start command is entered, MFLG goes ac- 
tive (Low) w henever the Input register is not 
full. MFLG is forced High by any command 
other than a start. Conversely, if the master 
port is associated with the Output register, 
MFLG reflects the contents of the Output 
registe r (except in single-port configuration). 
MFLG goes active (Low) whenever the Output 
regis ter is n ot empty. In single- port configura- 
tion, MFLG reflects the contents of the In put 
register, while the Slave Port Flag (SFLG) is 
associated with the Output register. 



MP0-MP7. Master Port Bus (input/output, 
active High). These eight bidirectional lines 
are used to specify internal register addresses 
in Multiplexed Control mode (see C/K) and to 
input and output data. The master port pro- 
vides software access to the Status, Command 
and Mode registers as well as the Input and 
Output registers. The 3-state master port out- 
puts are enabled only when the mast er por t is 
selected by Master Port Chip Select (MCS) 
being_Low, with Master Port Read/Write 
(MR/W) High, and strob ed by a Low on the 
Master Port Data Strobe (MDS). MP is the 
low-order bit. Data and key information is 
entered into this port with most significant byte 
input first. 

MR/W. Master Port Head/Write (input, 
Low = Write). This signal indicates to the 
DCP whether the current master port operation 
is a read (MR/W is High) or a write (MR/W is 
Low), thereby indicating whether data is to be 
transferred from or to an internal register. 
MR/W is not latched internally and must be 
held s table while Master Port Data Strobe 
(MDS) is Low. 

PAR. Parity (output, active Low). The DCP 
checks all key bytes for correct (odd) parity as 
they are entered through either the master port 
(Multiplexed or Direct Control mode) or the 
auxiliary port (Multiplexed Control mode 
only). If any key byte contains even parity, the 
PAR bit in the Status register is set to 1 and 
PAR goes Low. The least significant bit of key 
bytes is the parity. 

SCS. Slave Port Chip Select (input, active 
Low) . This signal is logi cally combined with 
Slave Port Data Strobe (SDS) to facilitate slave 
port data transfers in a bus environment. SCS 
is not latched internally and can be per- 
manently tied to Low without impairing slave 
port operation. 

SDS. Slave Port Data Stro be (in put, active 
Low). When both SDS and SCS are Low, it 
indicates to the DCP either that valid data is 
on the SP0-SP7 lines for an input operation, or 
that data is to be driven onto the SP0-SP7 lines 
for output. The direction of data flow is deter- 
mined by the control bits in the Mode register. 



SFLG. Slave Port Flag (output, active Low). 
This output indicates the status of either the 
Input register or the Output register, depen- 
ding on the control bits in th e Mod e register. 
In single-port configuration, SFLG goes active 
during normal processing whenever the Out- 
put registe r is no t empty. In dual-port con- 
figuration, SFLG reflects the content of 
whichever register is associated with the slave 
port. If the input register is assigned to the 
slave port, SFLG goes active whenever the 
Input register is not full, onc e any o f the start 
commands has been entered; SFLG is forced 
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Pin inactive if any other command is entered. If 

Descriptions the slave port is assigned to the Output 
(Continued) register, SFLG goes active whenever t he Ou t- 
put register is not empty. In this case, SFLG 
goes inactive if any command is aborted. 

SP0-SP7. Slave Port Bus (bidirectional). The 
slave port provides a second data input/output 
interface to the DCP, allowing overlapped 



input, output, and ciphering operations. The 
3- state slave port outpu ts are driven only when 
Slave Port Chip Select (SCS) an d Slave Port 
Data Strobe (SDS) are both Low, SFLG is 0, 
and the internal port control configuration 
allows output to the slave port. SPo is the low 
order bit. The most significant byte of data 
blocks is entered or retrieved through this port 
first. 



Functional The overall design of the DCP, as shown 

Description in Figure 3, is optimized to achieve high data 
throughput. Data bytes can be transferred 
through both the master and slave ports, and 
key bytes can be written through both the aux- 
iliary and master ports. Three 8-bit buses 
(input, output and C bus) carry data and key 
bytes between the ports and the internal 
registers. Three 56-bit, write-only key registers 
are provided for the Master (M) Key, the 
Encryption (E) Key and the Decryption (D) 
Key. Parity checking is provided on incoming 
key bytes. Two 64-bit registers are provided 
for initializing vectors (IVE and IVD) that are 
required for chained (feedback) ciphering 
modes. Three 8-bit registers (Mode, Command 
and Status) are accessible through the master 
port. 

Algorithm Processing. The algorithm pro- 
cessing unit of the DCP (Figure 3) is designed 
to encrypt and decrypt data according to the 
National Bureau of Standards' Data Encryption 
Standard (DES), as specified in Federal Infor- 
mation Processing Standards Publication 46. 
The DES specifies a method for encrypting 
64-bit blocks of clear data ("plain text") into 
corresponding 64-bit blocks of "cipher text." 



The DCP offers three ciphering methods, 
selected by the cipher type field of the Mode 
register: Electronic Code Book (ECB), Cipher 
Block Chain (CBC) and Cipher Feedback 
(CFB). These methods are implemented in 
accordance with Federal Information Process- 
ing Standards, Publication 46. 

Electronic Code Book (ECB) is a straightfor- 
ward implementation of the DES: 64 bits of 
clear data in, 64 bits of cipher text out, with no 
cryptographic dependence between blocks. 

Cipher Block Chain (CBC) also operates on 
blocks of 64 bits, but it includes a feedback 
step which chains consecutive blocks so that 
repetitive data in the plain text (such as ASCII 
blanks) does not yield repetitive cipher text. 
CBC also provides an error extension 
characteristic which protects against 
fraudulent data insertions and deletions. 

Cipher Feedback (CFB) is an additive 
stream cipher method in which the DES 
algorithm generates a pseudorandom binary 
stream, which is then exclusive-ORed with the 
clear data to form the cipher text. The cipher 
text is then fed back to form a portion of the 
next DES input block. The DCP implements 
8-bit cipher feedback, with data input, output, 
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Functional and feedback paths of one byte wide. This 
Description method is useful for low speed, character-at-a- 
(Continued) time, serial communications. 

Multiple Key Registers. The DCP provides 
the necessary registers to implement a 
multiple-key or master-key system. In such an 
arrangement, a single master key, stored in 
the DCP M key register, is used to encrypt ses- 
sion keys for transmission to remote DES 
equipment and to decrypt session keys 
received from such equipment. The M Key 
register may be loaded (with plain text) only 
through the auxiliary port, using the Load 
Clear Master Key command. In addition to the 
M Key register, the DCP contains two session 
key registers: the E key register, used to en- 
crypt clear text, and the D key register, used 
to decrypt cipher text. All three registers are 
loaded by writing commands such as Load 
Clear E Key, through master port, into the 
Command register, and then writing the eight 
bytes of key data to the port when the Com- 
mand Pending bit in the Status register is 1 . 

Operating Modes: Multiplexed Control vs. 
Direct Control. The DCP can be operated in 
either of two basic interfacing modes, deter- 
mined by the logic level on the C/K input pin. 
In Multiplexed Control mode (C/K Low), the 
DCP is configured internally to allow a master 
CPU to address five of the internal con- 
trol/status/data registers directly, thereby con- 
trolling the device via mode and command 
values written to these registers. Also, in this 
mode, the auxiliary port is enabled for key- 
byte input. _ 

If the logic level on C/K is brought High, 
the DCP enters Direct Control mode, and the 
auxiliary port pins are converted into direct 
hardware status or control signals capable of 
instructing the DCP to perform a / functionally 
complete subset of its cipher processing at 
very high throughputs. This operating mode is 
particularly well suited for ciphering data for 
high-speed peripheral devices such as 
magnetic disk or tape. 

Data Flow. Bits M2 and M3 of the Mode 
register control the flow of data into and out of 
the DCP through the master and slave ports. 
Three basic configurations are provided: one 
single-port and two dual-port. 

Single-Port Configuration. The simplest con- 
figuration occurs when the Mode register con- 



figuration bits are set to master port only 
(Figure 4). In this operating configuration, the 
encrypt/decrypt bit (M4) controls the process- 
ing of data. Data to be encrypted or decrypted 
is written to the master port Input register 
address. To facilita te mon itoring of the Input 
register status, the MFLG signal goes Low 
when the Input register is not full. Data is read 
by the master CPU through t he mas ter port 
Output register address. Pin SFLG goe s Low 
when the Output register is not empty. MFLG 
is then redefined as a master input flag and 
SFLG is redefined as a master output flag. 
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Figure 5a. Dual-Port Configuration, Multiplexed Control 

Dual Port, Master Port Clear 
Configuration. In the dual-port configura- 
tions, both the master and slave ports are used 
for data entry and removal (Figures 5a and 
5b). In the master port clear configuration, 
clear text for encryption can be entered only 
through the master port, and clear text 
resulting from decryption can be read only 
through the master port. Cipher text can be 
handled only through the slave port. The 
actual direction of data flow is controlled 
either by the encrypt/decrypt bit (M4) in the 
Mode register or by the Start Encryption or 
Start Decryption commands. If encryption is 
specified, clear data will flow through the 
master port to the Input register, and cipher 
data will be available at the slave port when it 
is ready to be read from the Output register. 
For decryption, the process is reversed, with 
cipher data written to the Input register 
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Functional When an encrypted key is entered, the 

Description parity- check logic operates only after the 
(Continued) decrypted key is available. Th e en crypted data 
is not checked for parity. The PAR signal 
reflects the state of the decrypted bytes on a 



the parity- check logic on their way to the k ey 
register. Thus, the time during which PAR 
indicates the status of a byte of decrypted key 
data may be as short as four clock cycles. The 
LPAR bit in the Status register indicates if any 



byte-to-byte basis as they are clocked through erroneous bytes of key data were entered. 



Program- Initialization. The DCP can be reset in 

ming several ways: 

■ By the "Software Reset" command. 

■ By a hardware reset , whi ch oc curs 
whenever both MAS and MDS go Low 
simultaneously. 

■ By writing to the Mode register. 

■ By aborting any command. 

These sequences initiate the same internal 
operations, except that loading the Mode 
register or aborting any command does not 
subsequently reset the Mode register. Once a 
reset process starts, the DCP is unable to 
respond to further commands for approximate- 
ly five clock cycles. If a power- up hardware 
reset is used, the leading edge of the reset 
signal should not occur until approximately 1 
ms after Vqc has reached normal operating 
voltage. This delay time is needed for internal 
signals to stabilize. 

Registers. The registers in the DCP that can 
be addressed directly through the master port 
are shown with their addresses in Table 2. A 
brief description of these registers and those 
not directly accessible follows. 



Hex 
Code 



Command 













C/K 


MP2 


MP1 


MR/W 


MCS Register Addressed 





X 








Input Register 





X 





1 


Output Register 








1 





Command Register 








1 


1 


Status Register 





1 


1 


X 


Mode Register 


X 


X 


X 


X 


1 No Register Accessed 


1 


X 


X 





Input Register 


1 


X 


X 


1 


Output Register 



Table 2. Master Port Register Addresses 



90 Load Clear M Key Through Auxiliary Port 

91 Load Clear E Key Through Auxiliary Port 

92 Load Clear D Key Through Auxiliary Port 

1 1 Load Clear E Key Through Master Port 

12 Load Clear D Key Through Master Port 

Bl Load Encrypted E Key Through Auxiliary Port 

B2 Load Encrypted D Key Through Auxiliary Port 

31 Load Encrypted E Key Through Master Port 

32 Load Encrypted D Key Through Master Port 

85 Load Clear IVE Through Master Port 

84 Load Clear IVD Through Master Port 

A5 Load Encrypted IVE Through Master Port 

A4 Load Encrypted IVD Through Master Port 

8D Read Clear IVE Through Master Port 

8C Read Clear IVD Through Master Port 

A9 Read Encrypted IVE Through Master Port 

A8 Read Encrypted IVD Through Master Port 

39 Encrypt With Master Key 
41 Start Encryption 

40 Start Decryption 
CO Start 

E0 Stop 

00 Software Reset 

Table 3. Command Codes in Multiplexed Control Mode 

Command Register. Data written to the 8-bit, 
write- only Command register through the 
master port is interpreted as an instruction. A 
detailed description of each command is given 
in the Commands section; the commands 
and their hexadecimal representations are 
summarized in Table 3. A subset of these 
commands can be_entered implicitly in Direct 
Control mode (C/K High) — even though the 
Command register cannot be addressed in that 
mode — by transitions on auxiliary lines 
AUX5-S/S, AUXe-E/D, and AUX7-K/D. These 
implicit commands are summarized in Table 4. 



C/K AUXy-K/D 



Pins 
AUXe-E/D 



AUX5-S/S Command Initiated 



H 


L 


L 


t 


Start Decryption 


H 


L 


H 


t 


Start Encryption 


H 


L 


X 


i 


Stop 


H 


t 


L 


L 


Load D Key Clear through master port 


H 


t 


H 


L 


Load E Key Clear through master port 


H 


1 


X 


L 


End Load Key command 


H 


H 


X 


H 


Not allowed 


L 


Data 


Data 


Data 


AUX pins become Key-Byte inputs 



Table 4. Implicit Command Sequences in Direct Control Mode 
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Functional through the master port. Slave port and clear 

Description text read from the Master port. 

(Continued) In both dual-po rt configurations, the Master 

Port Fl ag (MFLG) and the Slave Port Flag 
(SFLG) are used to indicate the status of the 
data register associated with the master port 
and slave port, respectively. For example, dur- 
ing encryp tion in the master port clear con- 
figuration, MFLG goes L ow (ac tive) when the 
Input register is not full; SFLG goes Low 
(active) when the Output register is not empty. 
If cyph erin g oper ation changes direction, 



MFLG and SFLG switch their register 
tion (see Table 1). 


associa- 


Mode Register Bits 

Encrypt/ Port 
Decrypt Configuration 
BitM4 BitM3 BitM2 


Input 

Register 

Flag 


Output 

Register 

Flag 



1 

1 

1 
1 1 
1 1 


MFLG 
SFLG 
MFLG 
SFLG 
MFLG 
MFLG 


SFLG 
MFLG 
SFLG 
MFLG 
SFLG 
SFLG 



Table 1. Association of Master Port Flag (MFLG) 
and Slave Port Flag (SFLG) 
with Input and Output Registers 

Dual Port, Slave Port Clear Configuration. 

This configuration is identical to the previously 
described dual-port, master port clear con- 
figuration except that the direction of cipher- 
ing is reversed. That is, all data flowing in or 
out of the master port is cipher text, and all 
data at the slave port is clear text. 

Master Port Read/Write Timing. The master 
port of the DCP is designed to operate directly 
with a multiplexed address/data bus such as 
the Zilog Z-BUS. Several features of the master 
port logic are: 

■ The level on Master Port Chip Select (MCS) 
is latched internally on the rising (tr ailing ) 
edge of Master Port Address Strobe (MAS). 
This action relieves external address decode 
circuitry of the responsibility for latching 
chip select at address time. 

■ The levels on MPi and MP2 are also latched 
internally on the rising edge of MAS and 
are subsequently decoded to enable reading 
and writing of the DCP's internal registers 
(Mode, Command, Status, Input and Out- 
put) . This action also eliminates the need for 
external address latching and decoding. 

■ Data transfers through the master port are 
controlled by the levels a nd tr ansitions on 
Master Port Data Strobe (MDS) and Master 
Port Read/Write (MR/W). The former con- 
trols the timing and the latter controls the 
transfer direction. Data transfers disturb 
neither the chip-select nor address latches, 



so once the DCP and a particular register 
have been selected, any number of reads or 
writes of that register can be accomplished 
without intervening address cycles. This 
feature greatly speeds up the loading of 
keys and data, given the necessary transfer 
control external to the DCP. 

Loading Keys and Initializing Vector (IV) 
Registers. Because the key and Initializing 
Vector (IV) registers are not directly 
addressable through any of the DCP's ports, 
keys and vector data must be loaded (and in 
the case of vectors, read) via "command data 
sequences." Most of the commands recognized 
by the DCP are of this type. A load or read 
command is written to the Command register 
through the master port. The command pro- 
cessor responds by asserting the Command 
Pending output. The user then either writes 
eight bytes of key or vector data through the 
master or auxiliary port, as appropriate to the 
specific command, or reads eight bytes of vec- 
tor data from the master port. 

In Direct Control mode, only the E Key and 
D Key registers can be loaded; the M Key and 
IV registers are inaccessible. Loading the E 
and D Key registers is accomplished_by plac- 
ing the proper state on the AUX6-E/D input 
(High for E Key, J^ow for D Key) and then rais- 
ing the AUX7-K/D input — indicating that key 
loading is required. The command processor 
attaches the proper key re giste r to the master 
port and asserts the AUX3-CP (Command 
Pending) signal (active Low). The eight key 
bytes can then be written to the master port. In 
the Multiplexed Control mode, all key and 
vector registers can be written to and all but 
the Master (M) Key register can be loaded with 
encrypted, as well as clear, data. If the opera- 
tion is a Load Encrypt command, the subse- 
quent data written to the master or auxiliary 
port (as appropriate) is routed first to the Input 
register and decrypted before it is written into 
the specified key or Initializing Vector 
register. 

Parity Checking of Keys. Key bytes contain 
seven bits of key information and one parity 
bit. By DES designation, the low- order bit is 
the parity bit. The parity-check circuit is 
enabled whenever a byte is written to one of 
three key registers. The outp ut of the parity- 
check circuit is connected to PAR and the 
state of this signal is reflected in Status register 
bit PAR (S3). Status register bit PAR goes to 1 
whenever a byte with even parity (an even 
number of Is) is detected. In addition to the 
PAR bit, the Status register has a Latched Pari- 
ty bit (LPAR, S4) that is set to 1 whenever the 
Status register PAR bit goes to 1 . Once set, the 
LPAR bit is not cleared until a reset occurs or 
a new Load Key command is issued. 
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Program- Status Register. The bit assignments in the 

ming read-only Status register are shown in Figure 

(Continued) 6. The PAR, AFLG, SFLG and MFLG bits 

indicate the status of the corresponding output 
pins, as do the busy and command pending 
bits_when the DCP is in a Direct Control mode 
(C/K High). In each case, the output signal 
will be active Low when the corresponding 
status bit is a 1 . The parity bit indicates the 
parity of the most recently entered key byte. 
The LPAR bit indicates whether any key byte 
with even parity has been encountered since 
the last Reset or Load Key command. 

The Busy bit is 1 whenever the ciphering 
algorithm unit is actively encrypting or 
decrypting data, either as a response to a com- 
mand such as Load Encrypted Key (in which 
case the Command Pending bit is 1 ) or in the 
ciphering of regular text (indicated by the 
Start/Stop bit being 1 ) . If the ciphered data 
cannot be transferred to the Output register 
because that register still contains output from 
a previous ciphering cycle, the Busy bit 
remains 1 even after the ciphering is complete. 
Busy is at all other times, even when cipher- 
ing is not possible because data has not been 
written to the Input register. 

The Command Pending bit is set to 1 by any 
command whose execution requires the 
transfer of data to or from a nonaddressable 
internal register, such as when writing key 
bytes to the E key register or reading bytes 
from the IVE register. Thus, the Command 
Pending bit is set following all commands ex- 



cept the three start commands, the Stop com- 
mand and the Software Reset command. The 
Command Pending bit returns to after all 
eight bytes have been transferred following 
Load Clear, Read Clear, or Read Encrypted 
commands; and after data has been transfer- 
red, decrypted, and loaded into the desired 
register following Load Encrypt commands. 

The Start/Stop bit is set to 1 when one of the 
start commands is entered and it is reset to 
whenever a reset occurs or when a new com- 
mand other than a Start is entered. 
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- MASTER PORT FLAG 

= INACTIVE 

1 = ACTIVE 

- SLAVE PORT FLAG 

= INACTIVE 

1 = ACTIVE 

- AUXILIARY PORT FLAG 

= INACTIVE 

1 = ACTIVE 

- PARITY (PAR) 

= ODD PARITY 

1 = EVEN PARITY 

- LPAR 

= ALL BYTES HAD 

ODD PARITY 

1 = ONE OR MORE BYTES 

HAD EVEN PARITY 



• BUSY 



- COMMAND PENDING 

= INACTIVE 

1 = ACTIVE 

- START/STOP 

= STOP ENTERED 

1 = START ENTERED 



Figure 6. Status Register Bit Assignments 



Mode Register. Bit assignments in this 5-bit 
read/write register are shown in Figure 7. The 
cipher type bits (Mi and Mo) indicate to the 
DCP which ciphering algorithm is to be used. 
On reset, the Cipher Type mode defaults to 
Electronic Code Book mode. 

Configuration bits (M3 and M2) indicate 
which data ports are to be associated with the 
Input and Output registers and flags. When 
these bits are set to the single-port, master- 
only configuration (M3 M2 = 10), the slave 
port is disabled a nd no manipulation of Slave 
Port Chip Select (SCS) or Slave Data Strobe 
(SDS) can result in data movement through the 
slave port; all data transfers are accomplished 
through the master port, as previously 
describ ed i n the F unctional Description. Both 
MFL G and SFLG are used in this configura- 
tion; MFLG gives t he status of the Input 
register and SFLG gives the status of the Out- 
put register. 

When the configuration bits are set to one of 
the dual-port configurations (M3 M2 = 00 or 
01), both the master and slave ports are 
available for input and output. When M3, 
M2 = 01 (the default configuration), the 
master port handles clear data while the slave 
port handles encrypted data. Configuration 



M3, M2 = 00 reverses this assignment. Actual 
data direction at any particular moment is con- 
trolled by the Encrypt/Decrypt bit. 

The Encrypt/Decrypt bit (M4) instructs the 
DCP algorithm processor to encrypt or decrypt 
the data from the Input register using the 
ciphering method specified by the Cipher 
Type bits. The Encrypt/Decrypt bit also con- 
trols data flow within the DCP. For example, 
when the configuration bits are 0,1 (dual-port, 
master clear, slave encrypted) and the 
Encrypt/Decrypt bit is 1 (encrypt), clear data 
will flow into the DCP through the master port 
and encrypted data will flow out through the 
slave port. When the Encrypt/Decrypt bit is set 
to (decrypt), data flow is reversed. 
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- CIPHER TYPE 

00 = ELECTRONIC CODE BOOK (DEFAULT) 

01 = CIPHER FEEDBACK 

10 = CIPHER BLOCK CHAIN 

11 = RESERVED 

- PORT CONFIGURATION 

00 = DUAL PORT, MASTER 

ENCRYPTED, SLAVE CLEAR 

01 = DUAL PORT, MASTER CLEAR, 

SLAVE ENCRYPTED (DEFAULT) 

10 = SINGLE PORT, MASTER ONLY 

11 = RESERVED 

- ENCRYPT/DECRYPT 

1 = ENCRYPT 
= DECRYPT 



Figure 7. Mode Register Bit Assignments 
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Program- Input Register. The 64-bit, write-only Input 

ming register is organized to appear to the user as 

(Continued) eight bytes of pushdown storage. A status cir- 
cuit monitors the number of bytes that have 
been stored. The register is considered empty 
when the data stored in it has been or is being 
processed; it is considered full when one byte 
of data has been entered in Cipher Feedback 
mode or when eight bytes of data have been 
entered in Electronic Code Book or Cipher 
Block Chain mode. If the user attempts to write 
data into the Input register when it is full, the 
Input register disregards the attempt; no data 
m the register is destroyed. 

Output Register. The 64-bit, read-only Output 
register is organized to appear to the user as 
eight bytes of pop-up storage. A status circuit 
detects the number of bytes stored in the Out- 
put register. The register is considered empty 
when all the data stored in it has been read by 
the master CPU and is considered full if it still 
contains one or more bytes of output data. If a 
user attempts to read data from the Output 
register when it is empty, the buffers driving 
the output bus remain in a 3-state condition. 

M, E, D Key Registers. The following 
multibyte key registers cannot be addressed 
directly, but are loaded in response to com- 
mands written to the Command register. 



There are three 64-bit, write-only key 
registers in the DCP: the Master (M) Key 
register, the Encrypt (E) key register, and the 
Decrypt (D) key register. The Master key 
register can be loaded only with clear data 
through the auxiliary port. The Encrypt and 
Decrypt Key registers can be loaded in any of 
four ways: (1) as clear data through the aux- 
iliary port, (2) as clear data through the master 
port, (3) as encrypted data through the aux- 
iliary port, or (4) as encrypted data through 
the master port. In the last two cases, the 
encrypted data is first routed to the Input 
register, decrypted using the M Key, and final- 
ly written to the target key register from the 
Output register. 

Initializing Vector Registers (IVE and 
IVD). Two 64-bit registers are provided to 
store feedback values for cipher feedback and 
chained block ciphering methods. One initia- 
lizing vector register (IVE) is used during 
encryption, the other (IVD) is used during 
decryption. Both registers can be loaded with 
either clear or encrypted data through the 
master port (in the latter case, the data is 
decrypted before being loaded into the IV 
register), and both may be read out either 
clear or encrypted through the master port. 
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Commands All operations of the DCP result from com- 

mand inputs, which are entered m Multiplexed 
Control mode by writing a command byte to 
the Command register. Command inputs are 
entered in Direct Control mode by raising_and 
lowering Jhe logic levels on the AUX7-K/D, 
AUX 6 -E/D, and AUX5-S/S pins. Table 3 shows 
all commands that can be given in Multiplexed 
Control mode. Table 4 shows a subset of the 
implicit commands that can be executed in the 
Direct Control mode. 

Load Clear M Key Through Auxiliary Port 

(90H). 

Load Clear E Key Through Auxiliary Port 

(91H). 

Load Clear D Key Through Auxiliary Port 

(92H). 

These commands may be used only for 
multiplexed operations; they override the data 
flow specifications set in the Mode register and 
cause the Master (M$ Key, Encrypt (E) Key, or 
Decrypt (D) Key register to be loaded with 
eight bytes written to the auxiliary port. After 
the Load command is written to t he Com mand 
register, the Auxiliary Port Flag (AFLG) goes 
active (Low) and the corresponding bit in the 
Status register (S2) becomes 1, indicating that 
the device is able to accept key bytes at the 
auxiliary port pins. Additionally, the Com- 
mand Pending bit (Sq) becomes 1 during the 
entire loading process. 



Each byte is written to its respective key 
register by placing an active Low signal on the 
Auxiliary Port Strobe (ASTB) once data has 
been set up on the auxiliary port pins. The 
actual write proces s occurs on the rising (trail- 
ing) edge of ASTB. (See Switching Character- 
istics section for exact setup, strobe width, and 
hold times.) 

The Auxiliary Port Flag (AFLG) goes inac- 
tive immediately after the eighth strobe goes 
active (Low). However, the Command Pending 
bit (Se) remains 1 for several more clock 
cycles, until the key loading process is com- 
pleted. All key bytes are checked for correct 
(odd) parity as they are entered. 

Load Clear E Key Through Master Port 

(liH). 

Load Clear D Key Through Master Port 

(12H). 

These commands are available in both 
Multiplexed Control and Direct Control 
modes. They override the data flow specifica- 
tions set in the Mode register and attach the 
master port inputs to the Encrypt (E) Key or 
Decrypt (D) Key register, as appropriate, until 
eight key bytes have been written. In 
Multiplexed Control mode, the command is 
initiated by writing the Load command to the 
Command register. In Direct Control mode, 
the command is initiated by raising the _ 
AUX7-K/D control input while the AUX5-S/S 
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Commands input is Low. In this latter case, the level on 

(Continued) AUX6-E/D determines which key register is 

written (High = E register). 

Once the command has been recognized, 
the Command Pending bit (S6 in the Status 
register) becomes 1 . In Direct Control mode, 
AUX3-CP goes active (Low), indicating that 
key entry may proceed. The host system then 
writes exactly eight bytes to the master port (at 
the Input register address in Multiplexed Con- 
trol mode). When the key register has been 
loaded, the Command Pending bit returns to 
0. In Direct Control mode, the AUX3-CP out- 
put goes inactive, indicating that the DCP can 
accept the next command. 

Load Encrypted E Key Through Auxiliary 
Port (B1H). 

Load Encrypted D Key Through Auxiliary 
Port (B2H). 

These commands are used in Multiplexed 
Control mode only. Their execution is similar 
to that of the Load Clear E (D) Key Through 
Auxiliary Port command, except that key bytes 
are first decrypted using the electronic code 
book algorithm and the Master (M) Key 
register. The key bytes are then loaded into 
the appropriate key register, after having 
passed through the parity-check logic. 

The Command Pending bit (Sq) is 1 during 
the entire decrypt- and- load operation. In addi- 
tion, the Busy bit (S5) is 1 during the actual 
decryption process. 

Load Encrypted E Key Through Master Port 

(31H). 

Load Encrypted D Key Through Master Port 

(32H). 

These commands are used in Multiplexed 
Control mode only. Their execution is similar 
in effect to that of the Load Clear E (D) Key 
Through Master Port command. The commands 
differ in that key bytes are initially decrypted 
using the electronic code book algorithm and 
the Master (M) Key register. Once decrypted, 
they are loaded byte-by-byte into the target 
key register, after having passed through the 
parity- check logic. 

The command pending bit (Sq) is 1 during 
the entire decrypt- and- load operation. In addi- 
tion, the busy bit (S5) is 1 during the actual 
decryption process. 

Load Clear IVE Register Through 
Master Port (85H) 
Load Clear IVD Register Through 
Master Port (84H) 

These commands are used in Multiplexed 
Control mode only. Their execution is virtually 
identical to that of the Load Clear E (or D) Key 
Through Master Port command. The commands 
differ in that the data written to the input 
register address is routed to either the Encryp- 
tion Initializing Vector (IVE) or Decryption 
Initializing Vector (IVD) register instead of a 
key register. No parity checking occurs. The 



Command Pending bit (Sq) is 1 during the 
entire loading process. 

Load Encrypted IVE Register Through 
Master Port (A5H). 

Load Encrypted IVD Register Through 
Master Port (A4H). 

These commands are analogous to the Load 
Encrypted E (or D) Key Through Master Port 
command. The data flow specifications set in 
the Mode register are overridden and the eight 
vector bytes are decrypted using the Decryp- 
tion (D) Key register and the electronic code 
book algorithm. The resulting clear vector 
bytes are loaded into the target Initializing 
Vector register. No parity checking occurs. 
The Busy bit (S5) does not become 1 during 
the decryption process, but the Command 
Pending bit (Sq) is 1 during the entire 
decryption-and-load operation. 

Read Clear IVE Register Through 
Master Port (8DM). 
Read Clear IVD Register Through 
Master Port (8CH). 

In the Multiplexed Control mode, these com- 
mands override the data flow specifications 
set in the Mode register and connect the 
appropriate Initializing Vector register to the 
master port at the Output register address. In 
this state, each IV register appears as eight 
bytes of FIFO storage. The first byte of data is 
available six clocks after loading the Com- 
mand register. The Command Pending bit in 
the Status register remains a 1 until sometime 
after the eighth byte is read out. The host 
system is responsible for reading exactly eight 
bytes. 

Read Encrypted IVE Register Through 
Master Port (A9H). 

Read Encrypted IVD Register Through 
Master Port (A8H). 

In the Multiplexed Control mode only, these 
commands override the specifications set in 
the Mode register and encrypt the contents of 
the specified Initializing Vector register using 
the electronic code book algorithm and the 
Encrypt (E) key. The resulting cipher text is 
placed in the output register, where it can be 
read as eight bytes through the master port. 
During the actual encryption process, the Busy 
bit (S5) is 1. When the Busy bit becomes 0, the 
encrypted vector bytes are ready to be read 
out. The Command Pending bit (Sq) is 1 
during the entire encryption and output pro- 
cess; it becomes when the eighth byte is read 
out. The host system is responsible for reading 
exactly eight bytes. 

Encrypt with Master (M) Key (39H). 

In the Multiplexed Control mode, this com- 
mand overrides the data flow specifications set 
in the Mode register and causes the DCP to 
accept eight bytes from the master port, which 
are written to the Input register. When eight 
bytes have been received, the DCP encrypts 
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Commands the input using the Master (M) Key register. 
(Continued) The encrypted data is loaded into the Output 
register, where it can be read out through the 
master port. The Command Pending bit (Sq) 
and the Busy (S5) bit are used as status 
indicators in the three phases of this operation. 

The Command Pending bit becomes 1 as 
soon as the Input register can accept data. 
When exactly eight bytes have been entered, 
the Busy bit becomes and remains 1 until the 
encryption process is complete. When Busy 
becomes 0, the encrypted data is available to 
be read out. The Command Pending bit 
returns to when the eighth byte has been 
read. 

Start Encryption (41H) 
Start Decryption (40H) 
Start (COH). 

The three start commands begin normal data 
ciphering by setting the Status register's 
Start/Stop bit (S 7 ) to 1. The Start Encryption 
and Start Decryption commands explicitly 
specify the ciphering direction by forcing the 
Encrypt or Decrypt bit (M4) in the Mode 
register to 1 or 0, respectively. The Start com- 
mand, however, uses the current state of the 
Encrypt/Decrypt bit, as specified in a previous 
Mode register load. 

When a start com mand h as been e ntered, 
the port status flag (MFLG or SFLG) asso- 
ciated with the Input register becomes active 
(Low), indicating that data may be written to 



the Input register to begin ciphering. 

In Direct Control mode, the Start command 
is issued by raising the level on the AUX5-S/S 
input (Table 4). The ciphering direction is 
specif ied_by the level on AUX6-E/D. If 
AUX 6 -E/D is High when AUX5-S/S goes High, 
the command is Start Encryption; if AUX6-E/D 
is Low, it is Start Decryption. 

Stop (EOH). 

The Stop command clears the Start/Stop bit 
(S7) in the Stat us regi ste r. This action causes 
the input flag (MFLG or SFLG) to become 
inactive and inhibits the loading of any further 
input into the algorithm unit. If ciph ering is in 
progress [Busy bit (S5) is 1 or AUX2-BSY is 
active], it is allowed to finish, and any data in 
the Output register remains accessible. 

In Direct Control mode, the Stop command 
is implied when the signal level on the 
AUX5-S/S input goes from High to Low 
(Table 4). 

Software Reset (00). 

This com mand has the sa me effect as a hard- 
ware reset (MAS and MDS Low): it forces the 
DCP back to its default configuration, and all 
processing flags go into Inactive mode. The 
default configuration includes setting the Mode 
register to Electronic Code Book ciphering 
mode and establishes a dual-port configuration 
with master port clear and slave port 
encrypted. 



M 

00 



Timing The control and/or data signals and the 

Requirements timing requirements for clock/reset, Direct 
Control mode, Multiplexed Control mode 
(master port), master (slave) port read/write, 
and auxiliary port key entry functions are 
illustrated in Figures 8 through 12. The ac 
switching characteristics of the signals 
involved in the above functions are described 
in the AC Characteristics. The specific timing 
periods described are identified by numerics 
( 1 through 48) , which are referenced in both 
the timing diagrams and in the AC 
Characteristics. 

A two-to-seven character symbol is listed in 
AC Characteristics for each period described. 
The symbol specifies the signal(s) involved, the 
state of each signal, and optionally, the port 
associated with a signal. Symbols are encoded 
as follows: 

General Form: Ta Ab (Cb) 

Where: 

(1) T is a constant. 

(2) a represents any one of the following sym- 
bols: 

Symbol Meaning 
c Clock 
d Delay 
f Fall Time 



h 


Hold Time 


r 


Rise Time 


s 


Setup Time 


w 


Width 


(3) A,C represent 


any of the following signal 


names: 




Symbol Signal Name 


A 


Address Strobe 


B 


BSY, Busy 


C 


Clock 


D* 


Data In or the address 




at the master port. 


E 


E/D, Enable/Disable 


F* 


Flag (MFLG, SFLG, or 




(AFLG) 


G* 


Data Strobe (MDS, 




SDS, or ASTB) 


K 


K/D, Key/Data 


M 


C/K, Control/Key 




Mode 


N 


S/S, Start/Stop 


P 


PAR, Parity 


Q* 


Data Out (master or 




slave port) 


R 


CP, Clock Pulse 


S* 


Chip Select (master or 




slave port) 


W 


MR/W, Master Port 




read/write 
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Timing (4) b represents any one of the 

Requirements following signal state descrip- 

(Continued) tors (symbol). 

Symbol State Indicated 



h 


High 


1 


Low 


V 


Valid 


X 


Invalid 


z 


High Impedance 



* These signal names may be 
modified by the following op- 
tional numeric port identifiers: 

Identifier Port 

1 Master Port 

2 Slave Port 

3 AUX (Key) Port 



For example: Dl specifies data 
in at Master Port; F2 specifies 
Slave Port flag-SFLG. 



-0- 



■j m^/ V 



L 



-0- 



L 



Figure 8. Clock and Reset 



AC 

Switching 
Character- 
istics 



Number Symbol 



Parameter 



Min 



Max 



Notes*t 



6 

7- 

8 

9 
10 
11- 
12 
13 
14 
15- 

16 

17 

18- 

19 

20 



21 

22 

23 

24- 

25 

26 



TwCh 
TwCl 
TcC 

-TdGll(Glh)- 

TdC(Glh) 



TsNl(Mh) 

-TsKl(Mh)- 

TdMh(Nh) 

TdMh(Kh) 

TsEv(Kh) 

-TdKh(Rl)- 

ThKl(Ex) 

TdCl(Nh) 

TsEv(Hn) 

-TdNh(Fll)- 



TdCh(Fll) 

TdCh(Bl) 

-TdCl(Bh)- 

TdCh(Fll) 

TdNl(Flh) 



TwAl 

TdWv(Ah) 

TsSll(Ah) 

-ThAh(Slh)- 

TsDlv(Ah) 

ThAh(Dlx) 



Clock 

Clock Width (High) 105 

Clock Width (Low) 105 

Clock Cycle Time 250 

Res et 

■ MDS*MAS Low to MDS*MAS High TC - 

(Reset Pulse Width) 
Clock High to MDS*MAS High 

Direct Control Mode 

S/S Low to C/K High (Setup) 2TC 

K/D Low to C/K High (Setup) 2TC ■ 

C/K High to S/S high 4TC 

C/K High to K/D High 4TC 

E/D Valid to K/D High (Setup) 2TC 

• K/D High to CP Low 



K/D Low to E/D Invalid (Hold) 
Clock Low to S/S Valid 
E/D Valid to S/S High (Setup) 
■ S/S High to MFLG (SFLG) Low — 

(Port Input Flag) 
Clock High to MFLG (SFLG) Low 

(Port Input Flag) 

Clock High to BSY Low 

- Block Low to BSY High 

Clock High to MFLG (SFLG) Low 
(Port Output Flag) 



S/S Low to MFLG (SFLG) High 
(Port Input Flag) 
Multiplexed Control Mode— Master 

MAS Width (Low) 
MR/W Valid to MAS High 
MCS Low to MAS High (Setup) 

- MAS High to MCS High (Hold) 

Address-In Valid to MAS High 

(Address Setup Time) 
MAS High to Address-In Invalid 

(Address Hold Time) 



TC 

20 

2TC 



Port 



80 

40 



■60- 

55 

60 



50 



-200- 

80 

-230- 

230 

300 

-220- 

230 

230 



" Notes referenced at end of AC Characteristics table. 
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AC 

Switching 
Character- 
istics 

(Continued) 



Number Symbol 



Parameter 



Min 



Max Notes* t 



27 
28 

29 

30- 

31 



32- 
33 

34 



TdSll(Gll) 
ThGlh(Slh) 

TsWv(Gll) 

-ThGlh(Hwx)- 

TwGll(Glh) 



-TdCl(Glh) 

TdGlh(HGIl) 

TsDlr(Hlh) 



35 
36- 

37 

38- 

39 

40 

41 



ThGlh(Dlx) 
-TdGll(Qlv)- 

ThGlh(Qlx) 
-TdGll(Flh)- 
TdGll(Rh) 
ThGl(HNl) 
TdGl(HPv) 



Master (Slave) Port Read/Write 

MCS (SCS) Low to MDS (SDS) Low 
MDS (SDS) High to MCS (SCS) High 

(Select Hold Time) 
MR/W Valid to MDS Low (Setup) 

- MDS High to MR/W Invalid (Hold) 

MDS (SDS) Low to MDS (SDS) High 

Width— Write Data Read 
Width— Status Register Read 

- Clock Low to MDS (SDS) High 

MDS (SDS) High to MDS (SDS) Low 

(Data Strobe Recovery Time) 
Write-Data Valid to MDS (SDS) High 
Setup Time — Key Load 

- Setup Time — Data Write 

Setup Time — Command/Mode 

Register Write 
MDS (SDS) High to Write-Data 
Invalid (Hold Time— All Writes) 

- MDS (SDS) Low to Read-Data Valid 

Read Access Time — Status Register 
Read Access Time — Data 
MDS (SDS) High to Read-Data Invalid 
(Read Hold Time) 

- MDS (SDS) Low to MFLG (SFLG) 

High (Last Strobe) 
MDS High to CP High 

(Last Strobe, Key Load) 
MDS (SDS) High to S/S Low 

(Hold Time After Last Input Strobe) 
MDS High to PAR Valid (Key Write) 



70 


70 
-0- 



125 

155 

-20- 

125 



200 

■100- 

100 

40 



-70- 



M 

00 



155 
120 



i 



3TC 



— 125 4- 

TC + 280 

200 



' Notes referenced at end of AC Characteristics table. 




OUTPUT PORT 



~^U^ 



Figure 9. Control and Status Signals (Direct Control Mode) 
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AC 

Switching 
Character- 
istics 

(Continued) 



Number Symbol 



Parameter 



Min 



48 



TdG31(F3h) 



Auxiliary Port Key Entry 



42 


TwG3 


ASTB Low to ASTB High (Width) 


160 


43 


TdCl(G3h) 


Clock Low to ASTB High 


20 


44 


TdG3h(G31) 


ASTB High to Next ASTB Low 
(Recovery Time) 


125 


45 


TsD3v(G3h) 


Write-Data Valid to ASTB High 
(Data Setup Time) 


200 


46 


ThG3h(D3x) 


ASTB High to Write-Data Invalid 
(Data Hold Time) 


40 


47 


TdG3h(Pr) 


ASTB High to PAR Valid 





ASTB Low to AFLG High 
(Last Strobe) 



Max Notes* t 



70 



200 
230 



NOTES: 

* All transition times are assumed to be < 20 ns. 
t All units in nanoseconds (ns). All timings are 
preliminary and subject to change. 

1. Parameter TaCh(Fll) applies to all input blocks ex- 
cept the .first (when S/S first goes High). 

2. When S/S goes inactive (Low) in Direct Control 
mode, the flag associated with the input port turns off. 



3. Direct Control mode only. 

4. In Cip her Feedback mode, the port flag (MFLG or 
SFLG) goes inac tive f oll owing the leading edge of the 
first data strobe (MDS or SDS); in all other modes and 
operations, the flags go inactive on the eighth data 
strobe. 



WRITE < 



READ< 




Figure 10. Master Port, Multiplexed Control Mode Read/Write Timing 
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AC 

Switching 
Character- 
istics 

(Continued) 






MCS 
80S 



\ 



X 



WRITS , 
DATA ' 



3 



•«-<§) 



<§) 



♦-(a) 



X 



tXffiffiS 




Figure 11. Master (Slave) Port Read/ Write 



AST! 




i 



Figure 12. Auxiliary Port Key Entry 



3-012, 013 
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ORDERING INFORMATION 

Z8068 Z-DCP, 4.0 MHz 
40-pin DIP 

Z8068 PS 
Z8068 CS 



Codes 

First letter is for package; second letter is for temperature. 



C 
P 

L 
V 



Ceramic DIP 
Plastic DIP 
Ceramic LCC 
Plastic PCC 



TEMPERATURE 
S = 0°Cto +70°C 
E = -40°Cto+85°C 
M*= -55°Cto +125°C 

Example: PS is a plastic DIP, 0°C to + 70°C. 



fAvailable soon 

* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 

FLOW 

B = 883 Class B 
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FEATURES 

■ Multiplexed address/data bus shared by memory and 
I/O transfers 

■ 1 6 or more memory address bits; 1 6-bit I/O addresses; 
8, 16, or 32 data bits 

■ Daisy chain interrupt structure services interrupts without 
a separate priority controller 

■ Direct addressing of registers within a peripheral 
facilitates I/O programming 



Bus signals allow asynchronous CPU and peripheral 
clocks 

Daisy-chain bus-request structure supports distributed 
control of the bus 

Shared resources can be managed by a general- 
purpose, distributed-resource, request mechanism 



W 
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GENERAL DESCRIPTION 



The Z-BUS is a high-speed parallel shared bus that links 
components of the Z800, Z8000 and Z80.000 
microprocessor families. It provides a common communi- 
cations interface that supports the following types of 
transactions: 

■ Data Transfer. Data can be moved between bus 
controllers (such as a CPU) and associated peripherals. 

■ Interrupts. Interrupts can be generated by peripherals 
and serviced by CPUs over the bus. 

■ Resource Control. Distributed management of shared 
resources (including the bus itself) is supported by a 
daisy-chain priority mechanism. 

The heart of the Z-BUS is a set of multiplexed address/data 
lines and the signals that control these lines. Multiplexing 



data and address onto the same lines makes more efficient 
use of pins and facilitates expansion of the number of data 
and address bits. Multiplexing also allows straightforward 
addressing of a peripheral's internal registers, greatly 
simplifying I/O programming. 

A daisy-chained priority mechanism resolves interrupt and 
resource requests, thus allowing distributed control of the 
bus and eliminating the need for separate priority 
controllers. The resource-control daisy chain also allows 
wide physical separation of components. 

The Z-BUS is asynchronous in the sense that peripherals 
need not be synchronized with the CPU clock. All timing 
information is provided by Z-BUS signals. 
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Z-BUS COMPONENTS 



A Z-BUS component is one that uses Z-BUS signals and 
protocols, and meets the specified ac and dc 
characteristics. The four categories of Z-BUS components 
are as follows- 

CPUs. A Z-BUS system contains one CPU, and this CPU 
has default control of the bus and typically initiates most bus 
transactions. In addition, the CPU handles interrupt and 
bus-control requests. The Z800, Z8000, and Z80.000 are 
Z-BUS CPUs. 

Coprocessors. The Z-BUS also supports coprocessors 
with the Extended Processing Unit (EPU) architecture. The 
EPUs monitor Z-BUS status signals and engage in bus 
transactions using CPU timing and control signals. The 
Z8070 Arithmetic Processing Unit is an EPU. 



Peripherals. A Z-BUS peripheral is a component capable 
of responding to I/O transactions and generating interrupt 
requests. The Z8030 Serial Communications Controller 
(Z-SCC), Z8036 Counter Input/Output Circuit (Z-CIO), 
Z8038 FIFO Input/Output Interface Unit (Z-FIO), the Z8068 
Data Ciphering Processor (Z-DCP), and the Z8090/4 
Universal Peripheral Controller (Z-UPC) are all Z-BUS 
peripherals. 

Requestors. A Z-BUS requestor is any component 
capable of requesting control of the bus and initiating bus 
transactions. A Z-BUS requestor is usually a peripheral. The 
Z8016 DMA Transfer Controller (Z-DTC) is both a Z-BUS 
requestor and peripheral. 



OTHER COMPONENTS 



The Z8 Microcomputer, in its microprocessor config- 
uration, conforms to Z-BUS timing thus allowing it to use 
Z-BUS peripherals; but it is missing a wait input and certain 
status output signals. 

TheZ8010 Memory Management Unit (Z-MMU) is aZ8000 
CPU support component that interfaces with part of the 
Z-BUS on the CPU side and provides demultiplexed 
addresses on the memory side. 



The Z8060 First-In/First-Out Buffer (FIFO) is not a Z-BUS 
component. Instead, it is used to expand the buffer depth of 
the Z8038 Z-FIO, or to interface the I/O ports of the Z8090/4 
Z-UPC, Z8036 Z-CIO, or Z8038 Z-FIO to user equipment. 

Likewise, Z80 Family components, while not Z-BUS 
compatible, are easily interfaced to Z-BUS CPUs. 



OPERATION 



Two types of operation occur on the Z-BUS: transactions 
and requests. At any given time, one device (either the CPU 
or a bus requestor) has control of the Z-BUS and is known as 
the bus master. A transaction is initiated by a bus master with 
a corresponding response by another device on the bus. 
Four types of transactions occur in Z-BUS systems: 

■ Memory. Transfers 8, 1 6, or 32 bits of data to, or from, a 
memory location. 

■ I/O. Transfers 8, 16, or 32 bits of data to, or from, a 
peripheral. 

■ Interrupt Acknowledge. Acknowledges an interrupt 
and transfers an identification/status vector from the 
interrupting peripheral. 

■ Null. Does not transfer data. Typically used for refreshing 
memory. 



Only one transaction can proceed on the bus at a time, and 
it must be initiated by the bus master. However, a request 
may be initiated by a component that does not have control 
of the bus. There are three types of requests: 

■ Interrupt. Requests the attention of the Z-BUS CPU. 

■ Bus. Requests control of the Z-BUS to initiate 
transactions. 

■ Resource. Requests control of a particular resource. 

When a request is made, it is answered according to its type: 
an interrupt acknowledge is initiated for interrupt requests; 
an acknowledge signal is sent for bus and resource 
requests. In all cases, a daisy chain priority mechanism 
provides arbitration between simultaneous requests. 
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SIGNAL LINES 



The Z-BUS consists of a set of common signal lines that 
interconnect bus components (Figure 1). The signals on 
these lines can be grouped into four categories, depending 
on how they are used in transactions and requests. 

Primary Signals. These signals provide timing, control, 
and data transfer for Z-BUS transactions. 

Address/Data (active High). These multiplexed address 
and data lines carry I/O addresses, memory addresses, and 
data during Z-BUS transactions. A Z-BUS may have 8, 16, 
or 32 bits of data depending on the CPU type. In the case of 
an 8-bit Z-BUS transaction, data is transferred on the lower 
address bits AD -AD 7 . 

Extended Address (active High). These lines extend the 
1 6-bit Z-BUS address lines ADq to ADi 5 to support memory 
addresses greater than 1 6 bits. The number of lines and the 
type of address information carried is dependent on the 
CPU. 



-PRIMARY SIGNALS- 



/ ADDRESS/DATA \ 
EXTENDED ADDRESS ) 



BUS 
MASTER 



■ AS- 

■ DS- 
-R/W- 
-B/W- 



PERIPHERAL 
AND MEMORY 



ADDRESS/DATA 
EXTENDED ADDRESS 
STATUS 



-BUS REQUEST SIGNALS - 



-BUSACK- 
■*► BAI 



REQUESTER 



-ba5-«- 



-INTERRUPT SIGNALS - 

** fNT 



CPU STATUS 



> 



INTACK 



PERIPHERAL 



► IEI - 
■ IEO- 



Z-BUS 
COMPONENT 



RESOURCE REQUEST SIGNALS 

MMRQ ► 

•* MMST 

«< MMAI 



MULTI-MICRO 

REQUEST 

NETWORK 



-►MMAO- 



Status (active High). These lines designate the type of 
transaction occurring on the bus as well as additional 
information about the transaction itself (such as program or 
data memory access or System versus Normal operating 
modes) 

AS Address Strobe (active Low). The rising edge of AS 
indicates the beginning of a transaction and that the 
Address, Status R/W, and B/W (BL/W and BW/L for the 
Z80.000 CPU) signals are valid. 

BL/W; BW/L Byte, Long word/Word; Word/Longword 
(Output 3-state). These two lines specify the data transfer 
size on a 32-bit Z-BUS system. 

B/W Byte/Word {Low = word). This signal indicates whether 
a byte or word of data is to be transmitted on a 16-bit bus. 
This signal is not present on an 8-bit bus. 

CS Chip Select (active Low). Each peripheral memory 
component has a CS line that is decoded from the address 
and status lines. A Low on this line indicates that the 
peripheral or memory component is being addressed by a 
transaction. The Chip Select information is latched on the 
rising edge of AS. 

DS Data Strobe (active Low). This signal provides timing for 
data movement to, or from, the bus master. 



RESET (active Low). A Low on this lin e resets the CPU and 
bus users. Peripherals may be reset by RESET or by holding 
AS and DS low simultaneously. 

R/W ReadANrite (Low = write). This signal determines the 
direction of data transfer for memory or I/O transactions. 



BL/W 



BW/L 



Size 



High 


High 


Byte 


Low 


High 


Word 


High 


Low 


Longword 


Low 


Low 


Reserved 









WAIT (active Low). A Low on this line indicates that the 
responding device needs more time to complete a 
transaction. 

Bus Request Signals. These signals make bus requests 
and establish which component should obtain control of the 
bus. 

BAI, BAO Bus Acknowledge In, Bus Acknowledge Out 
(active Low). These signals tie together peripherals such as 
the Z801 6 Z-DTC to form the bus-request daisy chain. 



BUSACK Bus Acknowledge (active Low). A Low on this line 
indicates that the Z-BUS CPU has relinquished control of the 
bus in response to a bus request. 



Figure 1 . Z-BUS Signals 



BUSREQ. Bus Request (active Low). This line is driven by all 
bus requestors. A Low indicates that a bus requestor has, or 
is trying to obtain, control of the bus. 



w 
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Interrupt Signals. These signals are used for interrupt 
requests and for determining which interrupting 
component is to respond to an acknowledge. To support 
more than one type of interrupt, the lines carrying these 
signals can be replicated. (The Z8000 CPU supports three 
types of interrupts: non-maskable, vectored, and 
non-vectored.) 

IEI,IEO. Interrupt Enable In, Interrupt Enable Out (active 
High). These signals form the interrupt daisy chain. 

INT. Interrupt (active Low). This signal can be driven by any 
peripheral capable of generating an interrupt. A Low on INT 
indicates that an interrupt request is being made. 



INTACK. Interrupt Acknowledge (active Low). This signal is 
decoded from the status lines. A Low indicates an interrupt 
acknowledge transaction is in progress. This signal is 
latched by the peripheral on the rising edge of AS. 



Resource Request Signals. These signals are used for 
resource requests. To manage more than one resource, the 
lines carrying these signals can be replicated. (The Z8000 
supports one set of resource request lines.) 



MMAI, MMAO. Multi-Micro Acknowledge In, Multi-Micro 
Acknowledge Out (active Low). These lines form the 
resource- request daisy chain. 



MMRQ. Multi-Micro Request (active Low). This line is driven 
by any device that can use the shared resource. A Low 
indicates that a request for the resource has been made or 
granted. 



MMST. Multi-Micro Status (active Low). T his pin allows a 
device to ob serve th e value of the MMRQ line. An input pin 
other th an MMRQ facilitates the use of line drivers for 
MMRQ. 



TRANSACTIONS 



All transactions start with Address Strobe being driven Low 
and then raised High by the bus master (Figure 2). The 
Status lines are valid on the rising edge of Address Strobe 
and indicate the type of transactions being initiated. If the 
transaction requires an address, it must also be valid on the 
rising edge of Address Strobe. 

For all transactions except null transactions, which do 
nothing beyond this point, data is then transferred to, or 
from, the bus master. The bus master uses Data Strobe to 



time the movement of data. For a read (R/W = High), the 
bus master makes the AD bus inactive before driving Data 
Strobe Low so that the addressed memory or peripheral can 
put its data on the bus. The bus master samples this data just 
before raising Data Strobe High. For a write (R/W = Low), 
the bus master puts the data to be written on the AD bus 
before forcing Data Strobe Low. 

For an 8-bit Z-BUS, data is transferredon AD -AD 7 . Address 
bits may remain on ADs-AD-is while DS is Low. 
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Figure 2. Typical Transaction Timing 



758 



Z-BUS CONNECTIONS 

Table 1 . Z-BUS Component Connections to Signal Lines. This table shows how the various Z-BUS components attach to each signal 
line. When a device is both a bus requestor and a peripheral, the attributes in both columns of the table should be combined (e.g., input 
combined with output and 3-state becomes bidirectional and 3-state.) 



Signal 


CPU 


Requestor 


Peripheral 


Memory 




AD -AD 15 


Bidirectional 2 


Bidirectional 2 


Bidirectional 1 


Bidirectional 2 






3-state 


3-state 


3-state 


3-state 




Extended 


Output 


Output 


□ 


Input 




Address 8 


3-state 


3-state 








Status 


Output 
3-state 


Output 
3-state 


Input 1 


□ 




R/W 


Output 


Output 


Input 


Input 






3-state 


3-state 






N 


B/W9 


Output 


Output 


Input 3 


Input 


■ 

a 

CO 


BL/W,BW/L14 


Output 


Output 


Input 


Input 




3-state 










WAIT 


Input 


Input 


Output 3 
Open Dram 


Output 3 
Open Drain 




AS 


Output 
3-state 


Output 
3-state 


Input 


Input 




DS 


Output 
3-state 


Output 
3-state 


Input 


Input 




CS4 


□ 

Input 

Input 


□ 

Input 13 

Bidirectional 


Input 
Input 5 

□ 


Input 

□ 
□ 




RESET 




BUSREQ 








Open Dram 










Output 


□ 


□ 


□ 




BUSACK 




BAF 


□ 


Input 


□ 


□ 




BA07 


□ 


Output 


□ 


□ 




INT 


Input 


□ 


Output 
Open Drain 


□ 






□ 


□ 


Input 11 


□ 




INTACT 




IEI? 


□ 


□ 


Input 


□ 




IEO? 


□ 
Output 


□ 


Output 


□ 




MMRQ^ 






Open Drain 












Input 










MMST 1 ^ 




MMAI'.i^ 


Input 
Output 










MMAO' 1 ^ 





NOTES 

1 Only AD -AD 7 , unless peripheral is 1 6-bit 

2. For an 8-bit bus, only AD -AD 7 are bidrectional. 

3. Only for a 1 6-bit peripheral. 

4. Derived signal, one for each peripheral or memory, decoded from status 
and address lines 

5. Optional— peripherals are typically reset by AS and DS being Low 
simultaneously; however, they can have a reset input. 

6. Derived signal, decoded from status lines 
7 Daisy-chain lines 



8 Optional signal(s) 

9 For 1 6-bit data bus only 

1 Optional— usually only input on peripherals that are also requestors. 

1 1 May be omitted if peripheral inputs status lines 

12 Optional signal, any component may attach to the resource request 
lines 

1 3 Optional signal, a bus requestor may also be reset by AS and DS going 
Low and BAI being High simultaneously 

14 For 32-bit bus only 
□ No Connection 
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MEMORY TRANSACTIONS 



For a memory transaction, the Status lines distinguish 
among various address spaces, such as program and data 
or system and normal, as well as indicating the type of 
transaction. The memory address is put on AD0-AD-15 and 
on the extended address lines. 

For a Z-BUS with 16-bit data, the memory is organized as 
two banks of eight bits each (Figure 3). One bank contains 



all the upper bytes of all the addressable 16-bit words. The 
other bankcontains all the lower bytes. When a single byte is 
written (R/W = Low, B/W = High), only the bank indicated 
by address bit Aq is enabled for writing. 

For a Z-BUS with 8-bit data, the memory is organized as one 
bank which contains all bytes. This bank always inputs and 
outputs its data on AD -AD 7 . 



16-BIT Z-BUS DATA PATH 




A0-A15 



LOWER 

BANK 

ENABLE 



Figure 3. Byte/Word Memory Organization 



I/O TRANSACTIONS 



I/O transactions are similar to memory transactions with two 
important differences. The first is that I/O transactions take 
an extra clock cycle to allow for slow peripheral operation. 
The second is that byte data is always transmitted on 



AD -AD 7 , regardless of the I/O address. (ADe-AD-i 5 contain 
arbitrary data in this case.) For an I/O transaction, the 
address indicates a peripheral and a particular register or 
function within that peripheral. 



NULL TRANSACTIONS 



The two kinds of null transactions, internal operation and 
memory refresh, are distinguished by the Status lines. Both 
transactions look like a memory read transaction except that 
Data Strobe remains High and no data is transferred. 

For an internal operation transaction, the Address lines 
contain arbitrary data when Address Strobe goes H igh . This 
transaction is initiated to maintain a minimum transaction 
rate when a bus master is doing a long internal operation (to 
support memories which generate refresh cycles from 
Address Strobe). 



For a memory refresh transaction, the Address lines contain 
a refresh address when Address Strobe goes High. This 
transaction is used to refresh a row of a dynamic memory. 

Any memory or I/O transaction can be suppressed 
(effectively turning it into a null transaction) by keeping Data 
Strobe High throughout the transaction. 
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INTERRUPTS 



A complete interrupt cycle consists of an interrupt request 
followed by an interrupt-acknowledge transaction. The 
request, which consists of INT pulled Low by a peripheral, 
notifies the CPU that an interrupt is pending. The 
interrupt-acknowledge transaction, which is initiated by the 
CPU as a result of the request, performs two functions: it 
selects the peripheral whose interrupt is to be 
acknowledged, and it obtains a vector that identifies the 
selected device and cause of interrupt. 

A peripheral can have one or more sources of interrupt. 
Each interrupt source has three bits that control how it 
generates interrupts. These bits are an Interrupt Pending bit 
(IP), and Interrupt Enable bit (IE), and an Interrupt Under 
Service bit (IUS). 

A peripheral may also have one or more vectors for 
identifying the source of an interrupt during an 
interrupt-acknowledge transaction. Each interrupt source is 



associated with one interrupt vector and each interrupt 
vector can have one interrupt source or more associated 
with it. Each vector has a Vector Includes Status bit (VIS) 
controlling its use. 

Finally, each peripheral has three bits for controlling 
interrupt behavior for the whole device. These are a Master 
Interrupt Enable bit (MIE), a Disable Lower Chain bit (DLC), 
and a No Vector bit (NV). 

Peripherals are connected together via an interrupt daisy 
chain formed with their IEI and IEO pins (Figure 4) The 
interrupt sources within a device are similarly connected into 
this chain with the overall effect being a daisy chain 
connecting the interrupt sources. The daisy chain has two 
functions: during an interrupt-acknowledge transaction, it 
determines which interrupt source is being acknowledged; 
at all other times it determines which interrupt sources can 
initiate an interrupt request. 
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Figure 4. Interrupt Connections 
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Figure 5. State Diagram for an Interrupt Source 



Transition Legend 



State Legend 



|1 
J2 



The peripheral detects an interrupt condition and sets 

Interrupt Pending. 

All higher priority peripherals finish interrupt service, thus 

allowing IE! to go High. 

An interrupt-acknowledge transaction starts, and the IEI/ 

IEO daisy chain settles. 

The interrupt-acknowledge transaction terminates with the 

peripheral selected. Interrupt Under Service (IUS) is set to 

1 , and Interrupt Pending (IP) may or may not be reset. 

The interrupt-acknowledge transaction terminates with a 

higher priority device having been selected 

The Interrupt Pending bit in the peripheral is reset by an I/O 

operation. 

A new interrupt condition is detected by the peripheral, 

causing IP to be set again. 

Interrupt service is terminated for the peripheral by resetting 

IUS. 

IE is reset to 0, causing interrupts to be disabled 

IE is set to 1 , re-enabling interrupts. 



No interrupts are pending or under service for this 

peripheral. 

An interrupt is pending, and an interrupt request has been 

made by pulling INT Low. 

An interrupt is pending, but no interrupt request has been 

made because a higher priority peripheral has an interrupt 

under service, and this has forced IEI Low. 

An interrupt-acknowledge sequence is in progress, and no 

higher priority peripheral has a pending interrupt. 

An interrupt-acknowledge sequence is in progress, but a 

higher priority peripheral has a pending interrupt, forcing 

IEI Low. 

The peripheral has an interrupt under service. Service may 

be temporarily suspended (indicated by IEI going Low) if a 

higher priority device generates an interrupt. 

This is the same as State 5 except that an interrupt is also 

pending in the peripheral. 

Interrupts are disabled from this source because IE = 0. 

Interrupts are disabled from this source and lower priority 

sources because IE = and IUS = 1 . 



NOTES: 

• This diagram assumes MIE = 1 The effect of MIE = is the same as 
that of setting IE = 

• The DLC bit does not affect the states of individual interrupt sources. Its 
only effect is on the IEO output of a whole peripheral 



1 . Transition I to state 6 or 7 can occur from any state except 3 or 4 which 
only occur during interrupt acknowledge 

2. Transition J from state 6 or 7 can be to any state except 3 or 4, depend- 
ing on the value of IEI, IP, and IUS 
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Figure 6. Bus Request Mechanism States 
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Bus Requestor Legend 



Bus State Legend 



Requestor does not want bus and is not pulling BUSREQ 
Low. 



Requestor may or may not want bus, it is pulling BUSREQ 
Low in either case. 

Requestor is not pullin g BUSREQ Low; if it wants control of 
the bus, it must wait for BUSREQ and BAI to rise before 
requesting the bus. 

Requestor is either using the bus or propag ating the Low 
on its BAI input. It will stop driving BUSREQ when its BAO 
output goes Low. If it wa nts to use the bus, but di d not want 
to at the time BUSREQ and BAI were last H igh or BUS REQ 
wen t from Low to High, then it must wait for BUSREQ and 
BAI to rise before requesting and using the bus. 
Requestor is not pulling BUSREQ Low. If it wants to use the 
bus, it must wait for its BAI to become High before request- 
ing the bus. 

Requestor is propagati ng the Hig h on its BAI input. If it 
wants the bus it will pull BUSREQ Low. 
Requestor is propagating the High on its BAI input. 
Requestor is not pull ing BUSREQ Low. If it wanted the bus 
at the time BUSREQ went from Low to High, it may request 
the bus when its B AI input rise s; otherwise if it wants the 
bus, it must wait for BUSREQ to rise. 



The CPU owns the bus and no one is requesting it. 



A bus requestor has requested the bus by pulling BUSREQ 

Low, but the CPU has not responded. 

A Low fro m the CPU's BUSACK is propagating down the 

BAI/BAO daisy chain. Bus requestors are using the bus. 

The Low from BUSACK has propagated to the en d of the 

daisy chain causing all bus requestors to release BUSREQ, 

which floats High. The CPU has not yet acknowledged 

return of the bus. 

Th e CPU ack nowledges the High on BUSREQ with a High 

on BUSACK, which has propagated down the BAI/BAO 

daisy chain. 

Some device wh ose BAI input is High requests the bus by 

pulling B USREQ Lo w. The CPU has not yet responded with 

a Low on BUSACK. 

Th e CPU ha s responded to a Low on BU SREQ with a Low 
on BUSACK. The previous Hiajh state on BUSACK is still 
propagating down the BAI/BAO daisy chain. 



Transition Legend 

A A bus req uestor requests the bus by pulling down on 
BUSREQ. 
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The CPU responds to BUSREQ by pulling down 
BUSACK. 



The Low from BUSACK propagates to the end of the 
B AI/BAO dai sy chain, causing all the bus requestors to 
let BUSREQ rise. 



The CPU responds to BUSREQ High by driving 
BUSACK High. 



The High from BUSREQ propagates to the end of the 
BAI/BAO daisy chain. 



Figure 5 is a state diagram for interrupt processing for an 
interrupt source (assuming its IE bit is 1). An interrupt source 
with an interrupt pending (IP = 1) makes an interrupt 
request (by pulling INT Low) under these conditions: 



it is enabled (IE = 1.MIE = 1) 

it does not have an interrupt under service (I US ■ 



0) 



■ no higher priority interrupt is being serviced (IEI = High), 
and 

■ no interrupt- acknowledge transaction is in progress, as 
indicated by INTACK at the last rising edge of AS. 

IEO is not pulled down by the interrupt source at this time; 
IEO continues to follow IEI until an interrupt-acknowledge 
transaction occurs. 

Some time after INT has been pulled Low, the CPU initiates 
an interrupt-acknowledge transaction, indicated by INTACK 
Low . Between the rising edge of AS and the falling edge of 
DS, the IEI/IEO daisy chain settles. Any interrupt source with 
an interrupt pending (IP = 1, IE = 1, MIE = 1) or under 
service (IUS = 1) holds its IEO line Low; all other interrupt 
sources make IEO follow IEI. When DS falls, only the highest 



priority interrupt source with a pending interrupt (IP = 1)has 
its IEI input High, its IE bit set to 1 , and its IUS bit set to 0. This 
is the interrupt source being acknowledged, and at this 
point it sets its IUS bit to 1 , and, if the peripheral's NV bit is 0, 
identifies itself by placing the vector on AD0-AD7. If the NV 
bit is 1 , then the peripheral's AD0-AD7 pins remain floating, 
thus allowing external circuitry to supply the vector. All 
interrupts, including the Z8000's nonvectored interrupt, 
need a vector for identifying the source of an interrupt. If the 
vector's VIS bit is 1, the vector will also contain status 
information further identifying the source of the interrupt. If 
the VIS bit is 0, the vector held in the peripheral will be output 
without modification. 

While an interrupt source has an interrupt under service 
(IUS = 1), it prevents all lower priority interrupt sources from 
requesting interrupts by forcing IEO Low. When interrupt 
servicing is complete, the CPU must reset the IUS bit and, in 
most cases, the IP bit (by means of an I/O transaction). 

A peripheral's Master Interrupt Enable (MIE) bit and Disable 
Lower Chain (DLC) bit can modify the behavior of the 
peripheral's interrupt sources in the following way: if the MIE 
bit is 0, the effect is as if every Interrupt Enable (IE) bit in the 
peripheral were 0; thus all interrupts from the peripheral are 
disabled. If the DLC bit is 1, the effect is to force the 
peripheral's IEO output Low, thus disabling all lower priority 
devices from initiating interrupt requests. 

Polling can be done by disabling interrupts (using MIE and 
DLC) and by reading peripherals to detect pending 
interrupts. Each Z-BUS peripheral has a single directly 
addressable register that can be read to determine if there is 
an interrupt pending in the device and, if so, the source of 
the interrupt. 
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BUS REQUESTS 



Figure 7 shows how the bus request lines connect bus 
requestors and the CPU on a Z-BUS. Figure 8 shows the 
states of the bus request mechanism as the Z-BUS is 
acquired, used, and released. 

To generate transactions on the bus, a bus requestor must 
gain control of th e bus by m aking a bus request. This is done 
by pulling down BUSREQ. A bus request can be made in 
either of two cases: 



BUSREQ is initially High and BAI is High, indicating that 
the bus is controlled by the CPU and no other requestor 
is requesting the bus. 

BATis High and the requestor had wanted to request the 
bus at th e time of the last Low-to-High transition of 
BUSREQ. This insures that a module will not be locked 
out indefinitely by a higher priority bus requestor. 



After BUSREQ is pulled Low, the Z-BUS CPU reli nquishes 
the bus and indica tes this co ndition by making BUSACK 
Low . The Low on BUSACK is pro pag ated thr ough the 
BAI/BAO daisy chain (Figure 7). BAI follows BAO for 



Z-BUS CPU 

BUSACK BUSREQ 



BUS 
REQUESTERS 



BUSREQ 
BAO 



BAI 



BUSREQ 
BAO 



BUSREQ 
BAO 



components not requesting the bus, and any component 
requesting the bus holds its BAO High, thereby locking out 
all lower priority requestors. A bus requestor gains control of 
the bus when its BAT input goes Low. Whe n it is ready to 
relinq uish the bus, it stops pulling BUSREQ Low and allows 
BAO to follow BAI. This permits lower priority devices that 
made simultaneous requests to gain control of the bus. 
When all simultaneously requesting devices have 
relinquished the bus, and the Low on BAI/BAO has 
propagated to the lowest priority requestor, BUSREQ goes 
High, returning control of the bus to the CPU. 



The CPU responds to the High on B USREQ by driving 
BU SACK Hig h. The High on BUSACK is propagated down 
the BAI/BAO daisy chain, thus allowing bus requestors to 
make new bus req uests. Be cause high priority bus 
requestors can pull BUSREQ Low before low priority 
devices have a High on BAI, a wa y is needed for low priority 
devices to request the bus when BUSREQ is Low. That is 
provided by the rule that a requestor may request the bus if 
BAI is High and it had wa nted the b us at the time of the last 
Low-to-High transition on BUSREQ. 



As soon as BUSREQ is pulled Low by an y requesto r, each of 
the other requestors on the bus dri ves B USREQ Low and 
continues to do so until it drives its BAO output Low. This 
provides a handshake bet ween the CPU and the bus 
requestors by ensuring that BUSR EQ will no t go High until 
the CPU's acknowledgement of BUSACK has reached 
every requestor. Bus requestors can therefore run 
asynchrono usly to th e CPU. This rule also allows the 
bidirectional BUSREQ line to be buffered using the logic 
shown in Figure 8. This l ogic is sim ilar to the logic inside a 
bus requestor that keeps BUSREQ Low when it has initially 
been pulled Low by a different requestor. 




s 



COMMON BUSREQ 



Figure 7. Bus Request Connections 



Figure 8. Bus Request Line Buffering 
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RESOURCE REQUESTS 



Resource requests are used to obtain control of a resource 
that is shared between several users. The resource can be a 
common bus, a common memory, or any other resource. 
The requestor can be any component capable of 
implementing the request protocol. 

Unlike the Z-BUS itself, no component has control of a 
general resource by default; every device must acquire the 
resource before us ing it. A ll devices sharing the general 
resourc e drive the MMRQ line (Figure 9). When Low, the 
MMRQ line indicates that t he reso urce is being acquired or 
used by some device. The MM ST pin allows each device to 
observe the state of the MMRQ line. 



When MMRQ is High, a device may initiate a resource 
request by pulli ng MMRQ Low (Figure 10). The resulting 
Low on MMRQ is propagated through the MMAI/MMAO 
daisy c hain. If a device is not r equesting the resource, its 
MMAO output follows its M MAI inp ut. Any device making a 
resource request forces its MMAO output High to deny use 
of the resource to lower priority devices. 



A device g ains con trol of the resource, if its MMAI input is 
Low and its MMAO output is High, after a sufficient delay to 
let the daisy chain settle. If the device does not ob tain the 
resource after this short delay, it must stop pulling MMRQ 
Low an d make another request at some later time when 
MMRQ is again High. When a device that has gained 
control of a reso urce is finished, it releases the resource by 
allowing MMRQ to go High. 

The four unidirectional lines of the resource request chain 
allow the use of line drivers, thus facilitating connection for 
components separated by some distance. In the case of the 
Z8000 CPU, the four resource request lines may be 
mapped into the CPU Ml and MO pins using the logic 
shown in Figure 1 1 . With this configuration, the Multi-Micro 
Request Instruction (MREQ) performs a resource request. 
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For any resource requested, this wait time must be less than the minimum 
wait time plus resource usage time of all other requestors. 



Figure 10. Resource Request Protocol 
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Figure 1 1 . Bus Request Logic for Z8000 
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Figure 9. Resource Request Connections 
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Zilog's Universal Peripheral Com- 
ponents Family is more than a group 
of simple I/O circuits— they are intelli- 
gent, fully programmable devices 
capable of performing complicated 
tasks independently. Their capabili- 
ties unburden the master CPU, 
reduce bus traffic, increase system 
throughput, and greatly simplify 
overall system hardware design 
requirements. 

The peripheral components, 
where needed, are produced in two 
versions to increase their range of 
application. One version, identified 
by the number Z80xx, is capable of 
interfacing with Zilog's multiplexed 
Z-BUS only or with both the Z-BUS 
and conventional multiplexed buses. 
The second version, identified by 
the number Z85xx, is capable of 
interfacing with conventional non- 
multiplexed buses. Many of these 
Z85xx peripherals will function with 
and add capability to non-Zilog 
CPUs. Contact your local Zilog sales 
office, local distributor or representa- 
tive for additional information and 
detailed specifications. This section 
of the data book includes only prod- 
uct specifications or product briefs 
on the Z85xx series of components. 
For the specifications or briefs on 
the Z80xx components refer to the 
Z-BUS peripherals section. 

All of the peripheral components 
are extensively programmable to 
permit each to be tailored to its own 
application(s). All Z-BUS peripherals 
share common interrupt and bus- 
request structures; they can also be 
operated in either a priority-interrupt 
or polled environment. 



Counting, timing, and parallel I/O 
transfer problems are easily solved 
using the Z8036/Z8536 CIO 
Counter/Timer and I/O Unit. This 
component has three 1 6-bit counter/ 
timers, three I/O ports, and can 
double as a programmable priority- 
interrupt controller. 

Data communications problems 
are neatly handled by the Z80307 
Z8530 SCC Serial Communica- 
tions Controller. This device is a 
serial, dual-channel, multi- protocol 
controller which supports all popular 
communications formats. The SCC 
supports virtually all serial data trans- 
fer applications. 

Interface problems with the inter- 
connection of major components 
within an asynchronous, parallel 
processor system can be solved 
using the Z8038 Z-FIO FIFO I/O 
Interface Unit. This general- 
purpose interface unit provides 
expandable, bidirectional buffering 
between asynchronous CPUs in a 
parallel processing network, or 
between a CPU and peripheral 
circuits and/or devices. The Z-FIO 
can be used with systems having 
either multiplexed or nonmultiplexed 
buses. 



General-purpose control and data 
manipulation problems are easily 
handled by the Z8090/4 and 
Z8590/4 UPC Universal Periph- 
eral Controller. The UPC is a com- 
plete microcomputer designed for 
off-line applications. This microcom- 
puter executes the same friendly, 
capable instruction set as Zilog's Z8 
microcomputer, it has three I/O ports, 
six levels of priority-interrupt, and 2K 
bytes of memory on chip. The UPC 
is intended for applications that 
require an intelligent peripheral 
controller that can assume many of 
the tasks normally required of the 
master CPU. 

The Z8581 Clock Generator 
and Controller (CGC) is a versatile 
addition to Zilog's family of universal 
microprocessor components. The 
selective clock-stretching capabilities 
and variety of timing outputs of this 
device allow it to meet the timing 
design requirements of various mi- 
croprocessors easily, including those 
of LSI and VLSI peripherals. 

The outputs of the Z8581 CGC 
directly drive the Z80 and Z8000 
microprocessor clock inputs, The 
oscillator input frequency reference 
sources can be either crystals or 
TTL-compatible oscillators. 

Two new Universal peripherals 
have been added to the ever ex- 
panding line of Zilog peripherals. 
They are the DMA (Direct Memory 
Access) Transfer Controller (DTC) 
and the Floppy Disk Controller 
(FDC). 
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FEATURES 

■ Complete slave Z8 microcomputer, for distributed 
processing use. 

■ Unmatched power of Z8 architecture and instruction set. 

■ Three programmable I/O ports, two with optional 2-Wire 
Handshake. 

■ Six levels of priority interrupts from eight sources: six from 
external sources and two from internal sources. 

■ Two programmable 8-bit counter/timers each with a 6-bit 
prescaler. Counter/Timer TO is driven by an internal 



source, and Counter/Timer T1 can be driven by internal 
or external sources. Both counter/timers are 
independent of program execution. 

256-byte register file, accessible by both the master CPU 
and UPC, as allocated in the UPC program. 

Z8090 and Z8590— 2K bytes of on-chip ROM for 
efficiency and versatility. 

Z8094 and Z8594-2K bytes of RAM or EPROM for 
efficiency and versatility. 






01 

I 
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GENERAL DESCRIPTION 

The Universal Peripheral Controller (UPC) is an intelligent 
peripheral controller for distributed processing applications 
(Figure 1). The UPC unburdens the host processor by 
assuming tasks traditionally done by the host (or by added 
hardware), such as performing arithmetic, translating or 
formatting data, and controlling I/O devices. Based on the 
Z8 microcomputer architecture and instruction set, the UPC 
contains 2K bytes of internal program ROM, a 256-byte 
register file, three 8-bit I/O ports, and two counter/timers. 

The UPC is offered in two basic configurations: the Z8090/4, 
which interfaces to multiplexed address/data CPUs such as 
the Z8000, and the Z8590/4, which interfaces with 
non-multiplexed CPUs such as the Z80. Both devices have 
the same instruction set and I/O port configuration. The 
difference in the devices is in the UPC-to-host interface pins 
and the sequence of data transfer between the units. 

The UPC offers fast execution time, an effective use of 
memory, and sophisticated interrupt, I/O and bit 
manipulation. Using a powerful and extensive instruction set 
combined with an efficient internal addressing scheme, the 
UPC speeds program execution and efficiently packs 
program code into the on-chip ROM. 



An important feature of the UPC is an internal register file 
containing I/O port and control registers accessed both by 
the UPC program and indirectly by its associated master 
CPU. This architecture results in both byte and 
programming efficiency, because UPC instructions can 
operate directly on I/O data without moving it to and from an 
accumulator. Such a structure allows the user to allocate as 
many general-purpose registers as the application requires 
for data buffers between the CPU and peripheral devices. 
All general-purpose registers can be used as address 
pointers, index registers, data buffers, or stack space. 

The register file is logically divided into 16 groups, each 
consisting of 1 6 working registers. A Register Pointer is used 
in conjunction with short format instructions, resulting in 
tight, fast code and easy task switching. 

Communication between the master CPU and the register 
file takes place via one group of 19 interface registers 
addressed directly by both the master CPU and the UPC, or 
via a block transfer mechanism. Access by the master CPU 
is controlled by the U PC to allow independence between the 
master CPU and UPC software. 
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The UPC has 24 pins that can be dedicated to I/O functions. 
Grouped logically into three 8-line ports, they can be 
programmed in many combinations of input or output lines, 
with or without handshake, and with push-pull or open-drain 
outputs. Ports 1 and 2 are bit-programmable; Port 3 has four 
fixed inputs and four outputs. 

To relieve software from coping with real-time counting and 
timing problems, the UPC has two 8-bit hardware 
counter/timers, each with a fixed divide-by-four, and a 6-bit 
programmable prescaler. Various counting modes may be 
selected. 



In addition to the 40-pin standard ROM configuration, the 
UPC is available in a Protopack RAM/ROM version with a 
socket for up to 2K bytes of RAM or ROM and with 36 bytes 
of internal ROM permitting downloading from the master 
CPU. 

This range of versions and configurations makes the UPC 
compatible with most system peripheral device control 
considerations. 
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Figure 1 . Functional Block Diagram 
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PIN DESCRIPTIONS Z8090 Z-UPC 



AD -AD 7 . Z-BUS Address/Data Lines (bidirectional). These 
multiplexed address and data lines are used to transfer 
information between the master CPU and the slave Z-UPC. 

AS . Address Strobe (input, active Low). The rising edge of 
AS initiates the beginning of a transaction and indicates that 
the Address, Status, R/W, and CS signals must be valid. 

CS. Chip Select (input, active Low). A Low on this line during 
the rising edge of AS enables the Z-UPC to accept address 
or data information from the bus during a master CPU write 
cycle or to transmit data to the bus during a read cycle. 

DS. Data Strobe (input, active Low). DS provides timing for 
data movement to the bus master. A simultaneous Low on 
AS and DS resets the Z-UPC. It is held in reset as long as DS 
is Low. Raising this pin's voltage above Vqc forces the Z-UPC 
into test mode. 

PI0-PI7, P2q-P27, P3q-P37. I/O Port Lines (inputs/outputs, 
TTL-compatible). These 24 lines are divided into three 8-bit 
I/O ports and may be configured in the following ways under 
program control: 



P1q-P1 7 . Port 1 (input/output— as output it can be push-pull 
or open-drain). Bit-programmable Parallel I/O. 

P2q-P2 7 . Port 2 (input/output— as output, it can be push-pull 
or open-drain). Bit-programmable Parallel I/O. 

P3 -P3 7 . Port 3 (four inputs, four outputs). Parallel I/O, 
handshake control, timer I/O, or interrupt control. 

PCLK. Clock (input). TTL-compatible clock input, 4 MHz 
maximum. This signal does not need to be related to the 
master CPU clock. 

R/W. Read/Write (input). This status signal indicates that the 
master CPU is executing a Read cycle if High, and a Write 
cycle if Low. 



WAIT. Wait (bidirectional, active Low, open-drain). When the 
CPU accesses the Z-UPC register file, this signal requests 
the master CPU to wait until the Z-UPC can complete its part 
of the transaction. This signal is an input and held High 
during RESET to put the Z-UPC in the shift state. 
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Figure 2. Pin Functions 



Figure 3. Pin Assignments 
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PIN DESCRIPTIONS Z8590 UPC 



A/D. Address/Data (input). A Low on this pin defines 
information on the data bus as an address. A High defines 
the information as data. 

CS. Chip Select (input, active Low). A Low enables the UPC 
to accept address or data information from the master CPU 
during a write cycle or to transmit data to the master CPU 
during a read cycle. This line is usually generated from 
higher bits of the address lines. 

DB0-DB7. Data Bus (bidirectional). This bus is used to 
transfer address and data information between the master 
CPU and the UPC. 

P1o-P17> P2 -P2 7 , P3 -P3 7 . I/O Port Lines (bidirectional, 
TTL-compatible). These 24 lines are divided into three 8-bit 
I/O ports and may be configured in the following ways under 
program control: 

PI0-PI7. Port 1 (input/output— as output it can be push-pull 
or open-drain). Bit-programmable Parallel I/O. 



P2q-P2j. Port 2 (input/output— as output, it can be push-pull 
or open-drain). Bit-programmable Parallel I/O. 

P3 -P3 7 . Port 3 (four inputs, four outputs). Parallel I/O, 
handshake control, timer I/O, or interrupt control. 

PCLK. Clock (input). TTL-compatible clock input, 4 MHz 
maximum. This signal does not need to be related to the 
master CPU clock. 

RD. Read (input, active Low). A Low enables the master 
CPU to read information from the UPC. Raising the voltage 
on this pin above Vcc will force the UPC into test mode. 

WAIT. Wait (output, active Low, open-drain). When the CPU 
accesses the UPC register file, this signal requests the 
master CPU to wait until the UPC can complete its part of the 
transaction. 

WR. Write (input, active Low). A Low on this pin enables the 
master CPU to write information to the UPC. A simultaneous 
Low on RD and WR resets the UPC. It is held in reset as long 
as WR is Low. 
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Figure 4. Pin Functions 



Figure 5. Pin Assignments 
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FUNCTIONAL DESCRIPTION 



Address Space. On the 40-pin UPC, all address space is 
committed to on-chip memory. There are 2048 bytes of 
mask-programmed ROM and 256 bytes of register file. I/O is 
memory-mapped to three registers in the register file. Only 
the Protopack version of the UPC can access external 
program memory. See the section entitled "Special 
Configurations" for a complete description of the Protopack 
version. 

Program Memory. Figure 6 is a map of the 2K on-chip 
program ROM. Even though the architecture allows 
addresses from to 4K, behavior of the device above 
program address 2047 (7FFh) is not defined. The first 12 
bytes of program memory are reserved for the UPC interrupt 
vectors. In the RAM version, addresses OCh through 2Fh 
are reserved for on-chip ROM. 

Register File. This 256-byte file includes three I/O port 
registers (1 -3h), 234 general-purpose registers (6-EFh), and 
19 control, status and special I/O registers (Oh, 4 h , 5h, and 
FO-FFh). The functions and mnemonics assigned to these 
register address locations are shown in Figure 7. Of the 256 
UPC registers, 19 can be directly accessed by the master 
CPU; the others are accessed indirectly via the block 
transfer mechanism. 

The I/O port and control registers are included in the register 
file without differentiation. This allows any UPC instruction to 
process I/O or control information, thereby eliminating the 
need for special I/O and control instructions. All 
general-purpose registers can function as accumulators, 
address pointers, or index registers. In instruction 
execution, the registers are read when they are defined as 
sources and written when defined as destinations. 

UPC instructions may access registers directly or indirectly 
using an 8-bit address mode or a 4-bit address mode and a 
Register Pointer. For the 4-bit addressing mode, the file is 
divided into 1 6 working register groups, each occupying 1 6 
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contiguous locations (Figure 8). The Register Pointer (RP) 
addresses the starting point of the active working-register 
group, and the 4-bit register designator supplied by the 
instruction specifies the register within the group. Any 
instruction altering the contents of the register file can also 
alter the Register Pointer. The UPC instruction set has a 
special Set Register Pointer (SRP) instruction for initializing 
or altering the pointer contents. 

Stacks. An 8-bit Stack Pointer (SP), register R255, is used for 
addressing the stack, residing within the 234 
general-purpose registers, address location 6h through 
EFh- PUSH and POP instructions can save and restore any 
register in the register file on the stack. During CALL 
instructions, the Program Counter is automatically saved on 
the stack. During UPC interrupt cycles, the Program 
Counter and the Flag register are automatically saved on the 
stack. The RET and IRET instructions pop the saved values 
of the Program Counter and Flag register. 

Ports. The UPC has 24 lines dedicated to input and output. 
These are grouped into three ports of eight lines each and 
can be configured under software control as inputs, outputs, 
or special control signals. They can be programmed to 
provide Parallel I/O with or without handshake and timing 
signals. All outputs can have active pullups and pulldowns, 
compatible with TTL loads. In addition, they may be 
configured as open-drain outputs. 
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Figure 6. Program Memory Map 



Figure 7. Register File Organization 
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Figure 8. Register Pointer Mechanism 



Port 1. Individual bits of Port 1 can be configured as input or 
output by programming Port 1 Mode register (P1M) F8h- 
This port is accessed by the UPC program as general 
register 1h- It is written by specifying address 1h as the 
destination of any instruction used to store data in the output 
register. The port is read by specifying address 1h as the 
source of an instruction. 

Port 1 may be placed under handshake control by 
programming Port 3 Mode register (P3M) F7 H . This 
confi gures Port 3 pins P33 and P34 as handshake control 
lines DAVi and RDY-| for input handshake, or RDY-| and 
DAV-i for output handshake, as determined by the direction 
(input or output) assigned to bit 7 of Port 1 . The Port 3 Mode 
register also has a bit that programs Port 1 for open-drain 
output. 

Port 2. 1 ndividual bits of Port 2 can be configured as inputs or 
outputs by programming Port 2 Mode register (P2M) F6h- 
This port is accessed by the UPC program as general 
register 2h, and its functions and methods of programming 
are the same as those of Po rt 1 . Port 3 pins P3-| and P3e are 
the handshake lines DAV 2 and RDY 2 , with the direction 
(input or output) determined by the state of bit 7 of the port. 
The Port 3 Mode register also has a bit used to program Port 
2 for open-drain output. 

Port 3. This port can be configured as I/O or control lines by 
programming the Port 3 Mode register. Port 3 is accessed as 
general register 3h- The directions of the eight data lines are 
fixed. Four lines, P3q through P33, are inputs, and the other 
four, P3 4 through P37, are outputs. The control functions 
performed by Port 3 are listed in Table 1 . 



Table 1 . Port 3 Control Functions 



Function 


Line 


Direction 


Signal 




f P3i 
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Handshake < 


P3 3 
I P3 4 
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DAVi/RDYi 
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I P3 7 
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IEO 


Test Mode 


P3 5 
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*P3q, P3-j , and P33 can always be used as UPC interrupt request inputs, 
regardless of the configuration programmed. 



Counter/Timers. The UPC contains two 8-bit 
programmable counter/timers, each driven by an internal 
6-bit programmable prescaler. 

The T1 prescaler can be driven by internal or external clock 
sources. The TO prescaler is driven by an internal clock 
source. Both counter/timers operate independently of the 
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processor instruction sequence to relieve the program from 
time-critical operations like event counting or elapsed-time 
calculation. TO Prescaler register (PREO) F5h and T1 
Prescaler register (PRE1 ) F3h can be programmed to divide 
the input frequency of the source being counted by any 
number from 1 to 64. A Counter register (F2h or F4h) is 
loaded with a number from 1 to 256. The corresponding 
counter is decremented from this number each time the 
prescaler reaches end-of-count. When the count is 
complete, the counter issues a timer interrupt request; IRQ4 
for TO or IRQ5 for T1 . Loading either counter with a number 
(n) results in the interruption of the UPC at the nth count. 

The counters can be started, stopped, restarted to continue, 
or restarted from the initial value. They can be programmed 
to stop upon reaching end-of-count (Single-Pass mode) or 
to automatically reload the initial value and continue 
counting (Modulo-n Continuous mode). The counters and 
prescalers can be read at any time without disturbing their 
values or changing their counts. The clock sources for both 
timers can be defined as any one of the following: 

■ UPC internal clock (4 MHz maximum) divided by four. 

■ External clock input to Counter/Timer Ti via P3i (1 MHz 
maximum). 

■ Retriggerable trigger input for the UPC internal clock 
divided by four. 

■ Nonretriggerable trigger input for the UPC internal clock 
divided by four. 

■ External gate input for the UPC internal clock divided by 
four. 

TO is driven by the UPC internal clock divided by four. 

Interrupts. The UPC allows six interrupts from eight 
different sources as follows: 

■ Port 3 lines P3 , P3 2 , and P3 3 . 

■ The master CPU, three. 

■ The two counter/timers. 

These interrupts can be masked and globally enabled or 
disabled using Interrupt Mask Register (IMR) FBh- Interrupt 
Priority Register (I PR) F9h specifies the order of their priority. 
All UPC interrupts are vectored. 



Table 2 lists the UPC's interrupt sources, their types, and 
their vector locations in program ROM. Interrupt Request 
IRQO is dedicated to master CPU communications. 
Interrupt Requests IRQ1 , IRQ2, and IRQ3 are generated on 
the falling transitions of external inputs P33, P3-|, and P3 . 
Interrupt Requests IRQ4 and IRQ5 are generated upon the 
timeout of the UPC's two counter/timers. When an interrupt 
request is granted, the UPC enters an interrupt machine 
cycle. This cycle disables all subsequent interrupts, saves 
the Program Counter and Status Flags, and branches to the 
program memory vector location reserved for that interrupt. 
This memory location and the next byte contain the 16-bit 
address of the interrupt service routine for that particular 
interrupt request. 

The UPC also supports polled systems. To accommodate a 
polled structure, any or all of the interrupt inputs can be 
masked and the Interrupt Request register polled to 
determine which of the interrupt requests needs service. 

Following any hardware reset operation, an El instruction 
must be executed to enable the setting of any interrupt 
request bit in the IRQ register. Interrupts must be disabled 
prior to changing the content of either the I PR (F9h) or the 
IMR (FBh). Dl is the only instruction that should be used to 
globally disable interrupts. 

Master CPU Register File Access. There are two ways in 
which the master CPU can access the UPC register file: 
direct access and block access. 

Direct Access. Three UPC registers— the Data Transfer 
Control (Oh), the Master Interrupt Vector (FOh), and the 
Master Interrupt Control (FEh)— are mapped directly into 
the master CPU address space. The master CPU accesses 
these registers via the addresses shown in Table 3. 

The master CPU also has direct access to 16 registers 
known as the DSC (Data, Status, Command) registers. The 
DSC registers are numbered through F (DSC0-DSCF). 
These registers can be any 16 contiguous register file 
registers beginning on a 16-byte boundary. The base 
address of the DSC register group is designated by the IRP 
(I/O Register Pointer), which is bits D 4 -D 7 of the Data Transfer 
Control register (Oh). Figure 9 shows how the register 
address is made up of the 4-bit IRP field, concatenated with 
the low order 4-bits of the address from the master CPU. 
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Table 2. Interrupt Types, Sources, and Vector Locations 



Name 



Source 



Vector 
Location 



Comments 



IRQO 


EOM.XERR, LERR 


0,1 


IRQ1 


DW 1f IRQ1 


2,3 


IRQ2 


dm 2 , IRQ2, T| N 


4,5 


IRQ3 


IRQ3, IEI 


6,7 


IRQ4 


TO 


8,9 


IRQ5 


T1 


10,11 



Internal (R0 Bits 0, 1,2) 
External (P33) I Edge Triggered 
External (P3-j) I Edge Triggered 
External (P3q) ^ Edge Triggered 
Internal 
Internal 
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Block Access. The master CPU may transmit or receive 
blocks of data via address xxxl 0101. When the master CPU 
accesses this address, the UPC register pointed to by the 
Data Indirection register is read or written. The Data 
Indirection register is incremented, and the Limit Count 
register is decremented, for example, when the master CPU 
issues a read or write to address xxx10101 while the Data 
Indirection register contains the value 33h- The operation 
causes register 33 h to be read or written and the Data 
Indirection register to be incremented to 34h- This scheme is 
well suited to Block I/O Instructions and allows the master 
CPU to efficiently read or write a block of data to or from the 
UPC. 



The Limit Count register (04h) is decremented and is used to 
control the number of bytes to be transferred by master CPU 
block accesses. If the master CPU attempts a read or write 
to the UPC after the Limit Count register reaches 0, the 
access is not completed, the LERR bit (D-|) of the Data 
Transfer Control register is set (indicating a limit error), and 
the LERR error causes an IRQO interrupt request. 

The IRP field of the Data Transfer Control register, the Data 
Indirection register, and the Limit Count register are not 
directly accessible to the master CPU and therefore must be 
set by the UPC. This allows the UPC to protect itself from 
master CPU errors and frees the master CPU from tracking 
the UPC's internal data layout. 



Table 3. Master CPU/UPC Register Map 









8090/4 










8590/4 


8090/4 


UPC Address 




No-Shift 


Shift 


Decimal 


Hex 


Identifier 


Address 


Address 








DTC 


xxx11000 


xx11000x 


5 


5 


DIND 






@5** 


@5** 




xxx10101 


xx10101x 


240 


FO 


MIV 


xxx 10000 


xx1 OOOOx 


254 


FE 


MIC 


xxx11110 


xx11110x 


*n 




DSC0 


xxxOOOOO 


xxOOOOOx 


n + 1 




DSC1 


xxxOOOOl 


xx00001x 


n+ 2 




DSC2 


xxx00010 


xx00010x 


n + 3 




DSC3 


xxx0001 1 


xx0001 1 x 


n + 4 




DSC4 


xxx00100 


xxOOIOOx 


n + 5 




DSC5 


xxx00101 


xx00101x 


n + 6 




DSC6 


xxxOOHO 


xx00110x 


n + 7 




DSC7 


xxx001 1 1 


xx001 1 1 x 


n + 8 




DSC8 


xxx01000 


xxOIOOOx 


n + 9 




DSC9 


xxx01 001 


xx01001x 


n + 10 




DSCA 


xxx01010 


xx01010x 


n + 11 




DSCB 


xxx01011 


xx01011x 


n + 12 




DSCC 


xxxOHOO 


xx01 1 OOx 


n + 13 




DSCD 


xxx01101 


xx01101x 


n + 14 




DSCE 


xxx01 1 1 


xx01110x 


n + 15 




DSCF 


xxx01 1 1 1 


xx01111x 



x = don't care 

* n is the value in the IRP x 1 6 

* * Master CPU accesses the register address in Register 5. 



DTC REGISTER (OH) 

IRP 



| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | D "| 









ADDRESS FROM CPU 


| A 7 | A 6 | A 5 | A 4 | A 3 | A 2 


Ai | A | 
















I 




" 


1 






j R 7 1 Re | Rs | R4 | Ra | R 2 


Ri|Ro| 



REGISTER 
FILE 



* The shift or no-shift state is set during a hardware reset. If the Wait line is held 
High d uring the hardware reset, the 8090/4 is in the shift state after the reset. If 
WAIT is held Low, it is in the no-shift state. The shift state is maintained until the 
next hardware reset. Figure 9 shows one way to interface the 8090/4 for the use 
of no-shift. 



Figure 9. DCS Register Addressing Scheme 
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SPECIAL CONFIGURATIONS 



The Protopack version of the UPC is identical to the 40-pin 
ROM-based UPC with the following exceptions: 

■ All but 36 bytes of internal ROM are omitted from the 
Protopack RAM/ROM version 

■ The memory address and data lines are buffered and 
brought out to the socket on the Protopack. This socket 
uses a 2Kx8 RAM or ROM. 

The Protopack version of the UPC allows the user to 
prototype the system in hardware with an actual UPC device 
and to develop the code intended to be mask programmed 
into the on-chip ROM of the 40-pin UPC for the production 
system. The Protopack version of the UPC is an extremely 
versatile part. RAM program memory can be used on the 
40-pin Protopack with RAM/ROM for all but 36 bytes of the 
UPC's memory space. This memory can then be 
downloaded from the master CPU using a bootstrap 
program stored in the 36 bytes (C-2F). Figure 10 is a 
memory map for the RAM version. This package will also 
accept a ROM, provided that the area from C to 2F is not 
used for programming. 

Using the Z8094/Z8594 with EPROM or RAM. The 

Z8094 Z-UPC and the Z8594 UPC can be used with an 
EPROM or RAM plugged into the socket on top of the 40-pin 
package. Instructions for using a RAM are provided in 
Chapter 8 of the UPC Technical Manual (document 
#00-2055-01). If an EPROM is used, the following design 
considerations must be observed for proper operation: 

1 . The pin-out for the EPROM is 271 6-compatible. 

2. Programs in the EPROM must begin at 30h- The internal 
bootstrap ROM resides in locations OCh to 2Fh- 

3. The LDE instructions that would attempt a write to the 
EPROM cannot be used. 

4. The UPC must be taken out of the Download mode by 
the host CPU after a reset. This is accomplished by 
having the host CPU write two bytes to the UPC The first 
byte must reset the Interrupt Pending bit (D5) in the 
Master CPU Interrupt Control (MIC) register. The second 
byte must set the End of Message bit (DO) in the same 
register. 



30 H 
2F H 



PROGRAM 
MEMORY 



BOOTSTRAP ROM 



UPC INTERRUPT 
VECTORS 



PROTOPACK 
MEMORY 



INTERNAL 
ROM 



PROTOPACK 
MEMORY 



Any static RAM that can be interchangeably used with a 
2716 EPROM can be plugged into the Protopack socket. 

Protopack Pin Functions. Forty of the pins on the 
Protopack versions have functions identical to those of the 
40-pin version. The remaining 24 pins have additional 
functions described below. (Figure 1 1 shows the Protopack 
versions' pin functions and pin assignments.) 

Aq-A-iq. Program Memory Address Lines (output). These 
lines are identical in all RAM/ROM versions in the 
Protopack. They are used to address 2K bytes of external 
UPC memory. 

Dq-Dj. Program Data (input/output). Data is read in from the 
external memory on these lines. The RAM version also 
writes external memory through this bus. 

MDS. Memory Data Strobe (output, active Low). This signal 
is Low during an instruction fetch or memory write. 

MR/W. Memory Read/Write (output RAM versions only). 
This signal is High when the UPC is fetching an instruction 
and Low when it is loading external memory. 



Z8094 


Z8594 

+ 5V 1£ 








+ 5V 


\y 




] 40 P3i 


PCLK 


PCLK 2^ 






] 39 P3 6 


P3 7 /IEO 


P3//IEO 3[^ 






2 38 P2 7 


P3 /IEI 


P3 /IEI 4£ 






] 37 P2 6 


P3 5 /INT 


P3 5 /INT 5^ 






J 36 P2 6 


P3 2 /INTACK 


P3 2 /INTACK 6£ 






J 35 P2 4 


DS 


RD 7^ 






] 34 P2 3 


R/W 


WR 8£ 






]33 P2 2 


AS 


A/D 9 £ 






] 32 P2i 


CS 


CS 10 £ 


* 




^31 P2 


GND 


GND 11 £ 






2 30 P3 3 


WAIT 


WATT 12 £ 






2 29 P3 4 


AD 7 


DB 7 13 £ 
DB 6 14 £ 






"2 28 P1 7 
2 27 P1 6 


AD 6 






AD 5 


DB 5 15 [^ 






] 26 P15 


AD 4 


DB 4 16 £ 


Z8094 




2 25 P14 


AD 3 


DB 3 17 £ 


Z8594 




]24 P1 3 


AD 2 


DB 2 18[^ 


UPC 




2 23 P1 2 


ADi 


DBi 19 £ 






J 22 P1i 


AD 


DB 20 C 
♦SOCKET F 






J 21 P1 




OR 2716 EPROM (2K 


x 8) OR RA 




Socket 1 


>in Definition 






pin 1 A 7 
pin 2 A6 
pin 3 A5 
pin 4 A4 
pin 5 A3 
pin 6 A 2 
pin 7 A1 
pin 8 Aq 


pin 9 Do 
pin 10 D1 
pin 11 D 2 
pin 12 GND 
pin 13 D3 
pin 14 D4 
pin 15 D6 
pin 16 D6 


pin 
pm 
Pin 
pin 
pin 
pm 
pin 
pin 


17 D 7 
8 MDS 
19A 10 

20 GND 

21 MR/W 

22 Ag 

23 A 8 

24 +5 V 



Figure 1 1 . Z8094/Z8594 UPC Protopack Pin Assignments 



Figure 10. Z8094/Z8594 UPC Memory Map 
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ADDRESSING MODES 



The following notation is used to describe the addressing 
modes and instruction operations as shown in the 
instruction summary. 

IRR Indirect register pair or indirect working-register 

pair address 
Irr indirect working-register pair only 

X Indexed address 

DA Direct address 



RA Relative address 

IM Immediate 

R Register or working-register address 

r Working- register address only 

IR Indirect-register or indirect working-register 

address 

Ir Indirect working-register address only 

RR Register pair or working-register pair address 



ADDITIONAL SYMBOLS 

dst Destination location or contents 

src Source location or contents 

cc Condition code (see list) 

@ Indirect address prefix 

SP Stack Pointer (control register FFh) 

PC Program Counter 

FLAGS Flag register (control register FCh) 

RP Register Pointer (control register FDh) 

IMR Interrupt Mask register (control register FBh) 



Assignment of a value is indicated by the symbol "«-". For 
example, 

dst *- dst + src 

indicates that the source data is added to the destination 
data and the result is stored in the destination location. The 
notation "addr(n)" is used to refer to bit "n" of a given 
location. For example, 

dst (7) 
refers to bit 7 of the destination operand. 



FLAGS 



Control Register FCh contains the following six flags: 



Affected flags are indicated by: 



C Carry flag 









Cleared to 




Z Zero flag 






1 


Set to 1 




S Sign flag 






* 


Set or cleared 


according to operation 


V Overflow flag 






— 


Unaffected 




D Decimal-adjust flag 




X 


Undefined 




H Half-carry flag 












CONDITION CODES 


Value Mnemonic 


Meaning 






Flags Set 


1000 




Always true 






— 


0111 


c 


Carry 






C = 1 


1111 


NC 


No carry 






C = 


0110 


z 


Zero 






Z = 1 


1110 


NZ 


Not zero 






Z = 


1101 


PL 


Plus 






S = 


0101 


Ml 


Minus 






S = 1 


0100 


ov 


Overflow 






V = 1 


1100 


NOV 


No overflow 






v = o 


0110 


EQ 


Equal 






Z = 1 


1110 


NE 


Not equal 






z = o 


1001 


GE 


Greater than 


or equal 




(S XOR V) = 


0001 


LT 


Less than 






(SXORV) = 1 


1010 


GT 


Greater than 






[ZOR(SXORV)] = 


0010 


LE 


Less than or i 


equal 




[ZOR(SXORV)] = 1 


1111 


UGE 


Unsigned greater than or equal 


C = 


0111 


ULT 


Unsigned less than 




C = 1 


1011 


UGT 


Unsigned greater than 




(C = 0ANDZ = 0) = 1 


0011 


ULE 


Unsigned less than or equal 


(C OR Z) = 1 


0000 




Never true 






— 
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INSTRUCTION FORMATS 



dst | OPC 



CCF, Dl, El, IRET, NOP, 
RCF, RET, SCF 



One-Byte Instructions 



OPC J mode" 



CLR, CPL, DA, DEC, 

OR ll 1 1 I dst/src I DECW - INC ' INCW > P0P - 
OR | 1 1 1 0|dst/src | pusH RL RLC( RR 

RRC, SRA, SWAP 



OR |1 1 1 0| dst | 



JP, CALL (Indirect) 



OPC 


MODE 


dst 


src 



MODE 


OPC 


dst/src 


src/dst 



ADC, ADD, AND, 
CP, OR, SBC, SUB, 
TCM, TM, XOR 



LD, LDE, LDEI, 
LDC, LDCI 



dst/src I OPC _________ LD 

src/dst OR |1 1 1 0| src | 



dst/CC | OPC 



OPC MODE 



OPC | mode" 



MODE OPC 



OR 


1110 


src 


OR 


1110 


dst 



OR |1 1 1 0| dst 



ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 



ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 



1110 


src 


1110 


dst 



MODE 


OPC 


dst/src 


X 


ADDRESS 



it 

I 



Ul 

s 
s 



Two-Byte Instructions 



Three-Byte Instructions 



2037,013 
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OPCODE MAP 



Lower Nibble (Hex) 
7 8 



* 7 

I 

z 

i • 



6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


6,5 


6,5 


12/10.5 


12/10 


65 


12/10 


65 




DEC 


DEC 


ADD 


ADD 


ADD 


ADD 


ADD 


ADD 


LD 


LD 


DJNZ 


JR 


LD 


JP 


INC 




R 1 


iRi 


M.r 2 


r 1 .lr 2 


R 2 ,Ri 


IR2.R1 


R 1t IM 


IR-I.IM 


h,R2 


r 2 ,Ri 


r-, RA 


cc RA 


r 1 IM 


ccDA 


r1 




6.5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 
































RLC 


RLC 


ADC 


ADC 


ADC 


ADC 


ADC 


ADC 
































Ri 


IRi 


ri,r 2 


ri,lr 2 


R2.R1 


IR2.R1 


r 1t im 


IRl.lM 
































6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




INC 


INC 


SUB 


SUB 


SUB 


SUB 


SUB 


SUB 
































Ri 


IR 1 


<V2 


n.ir 2 


R 2 ,Ri 


IR 2 ,Ri 


R 1f IM 


IR^IM 
































8,0 


6,1 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




JP 


SRP 


SBC 


SBC 


SBC 


SBC 


SBC 


SBC 
































IRR 1 


IM 


n.^2 


ri Jr 2 


R 2 ,Ri 


IR2.R1 


Ri.lM 


IRi.lM 
































8,5 


8,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




DA 


DA 


OR 


OR 


OR 


OR 


OR 


OR 
































Ri 


IRi 


n.^2 


ri,lr 2 


R 2 ,Ri 


IR2.R1 


R^IM 


IRlIM 
































10,5 


10,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




POP 


POP 


AND 


AND 


AND 


AND 


AND 


AND 
































Ri 


IRi 


n,r 2 


ri,lr 2 


R2.R1 


IR2.R1 


R 1f IM 


IRlIM 
































6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




COM 


COM 


TCM 


TCM 


TCM 


TCM 


TCM 


TCM 
































Ri 


IRi 


n.r 2 


ri,lr 2 


R 2 ,Ri 


IR2.R1 


R^IM 


IRl.lM 
































10/12,1 


12/14,1 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 




PUSH 


PUSH 


TM 


TM 


TM 


TM 


TM 


TM 
































R 2 


IR 2 


"V2 


ri,lr 2 


R 2 ,Ri 


IR2.R1 


RlIM 


IR^IM 
































10,5 


10,5 


12,0 


18,0 










6,1 


DECW 


DECW 


LDE 


LDEI 






































Dl 


RRt 


IRi 


r 1t lrr 2 


lr-|,lrr 2 








































6,5 


6,5 


12,0 


18,0 










6,1 


RL 


RL 


LDE 


LDEI 






































El 


Ri 


IRi 


r 2 ,lr ri 


lr 2 ,lrr-) 








































10,5 


10,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


14,0 


INCW 


INCW 


CP 


CP 


CP 


CP 


CP 


CP 






























RET 


RRt 


IRi 


n,r 2 


M.lr 2 


R2.R1 


IR2.R1 


RlIM 


IR-,,IM 
































6,5 


6,5 


6,5 


6,5 


10,5 


10,5 


10,5 


10,5 


16,0 


CLR 


CLR 


XOR 


XOR 


XOR 


XOR 


XOR 


XOR 






























IRET 


Ri 


IRi 


ri,r 2 


n.ir 2 


R2.R1 


IR2.R1 


RlIM 


IRlIM 
































6,5 


6,5 


12,0 


18,0 








10,5 


6,5 


RRC 


RRC 


LDC 


LDCI 








LD 






























RCF 


Ri 


IRi 


ri.lrr 2 


lr-|,lrr 2 








ri,x,R 2 
































6,5 


6,5 


12,0 


18,0 


20,0 




20,0 


10,5 


6,5 


SRA 


SRA 


LDC 


LDCI 


CALL* 




CALL 


LD 






























SCF 


Ri 


IRi 


r 2 ,lrr 1 


lr 2 ,lrri 


IRR-I 




DA 


r 2 ,x,R 1 
































6,5 


6,5 




6,5 


10,5 


10,5 


10,5 


10,5 


6,5 


RR 


RR 




LD 


LD 


LD 


LD 


LD 






























CCF 


Ri 


IRi 




ri ,IR 2 


R 2 ,R 1 


IR 2 ,R 1 


R 1t IM 


IRl.lM 
































8,5 


8,5 




6,5 




10,5 






6,0 


SWAP 


SWAP 




LD 




LD 


































NOP 


Ri 


IR-l 




lru 2 




R2.IR1 






\ 


f 


} 


\ 


\ 


J 


\ 


J 


} 


\ 


^| 


\ 


\ 


J 





LOWER 
OPCODE 
NIBBLE 



Bytes per Instruction 



EXECUTION 
CYCLES 



V^ 



PIPELINE 
CYCLES 



UPPER 

OPCODE - 

NIBBLE 



-►A 



10,5 
CP 

R2.R1 



FIRST, 
OPERAND 



A^ 



SECOND 
OPERAND 



Legend: 

R = 8-bit address 
r = 4-bit address 
Ri orri = Dst address 
R 2 or r 2 = Src address 

Sequence: 

Opcode, First Operand, Second Operand 

NOTE The blank areas are not defined 



*2-byte instruction, fetch cycle appears as a 3-byte instruction 
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INSTRUCTION SUMMARY 



Instruction 
and Operation 


Addr Mode 
dst src 


Opcode 
Byte 
(Hex) 


Flags Affected 
C Z S V D H 


ADC dst.src 

dst *- dst + src + C 


(Notel) 


1D 


* * * * * 


ADD dst, src 
dst *- dst + src 


(Notel) 


on 


* * * * * 


AND dst, src 
dst*- dst AND src 


(Notel) 


5D 


— * * 


CALL dst 

SP*-SP - 2 

@SP — PC; PC - dst 


DA 
IRR 


D6 
D4 




CCF 

C*-NOTC 




EF 


* 


CLR dst 

dst*-0 


R 
IR 


BO 
B1 




COM dst 

dst*- NOT dst 


R 
IR 


60 
61 


— * * 


CP dst.src 
dst - src 


(Notel) 


AD 


* * * * 


DA dst 

dst*- DA dst 


R 
IR 


40 
41 


* * * X 


DEC dst 

dst *- dst - 1 


R 
IR 


00 
01 


— * * * 


DECWdst 

dst *- dst - 1 


RR 
IR 


80 
81 


— * * * 


Dl 

IMR(7)*-0 




8F 





DJNZ r.dst 
r*-r- 1 
ifr#0 

PC - PC + dst 
Range: +127,-128 



RA 



El 

IMR(7)*-1 



rA 
r = 0- F 

9F 



INC dst 


r 


rE 


- * * * 


dst *- dst + 1 




r = - F 






R 


20 






IR 


21 





INCW dst RR 

dst*-dst+1 IR 




AO 
A1 


— * * * 


IRET 

FLAGS *-@SP;SP*-SP + 1 
PC - @SP; SP - SP + 2; IMR (7) 


^_ 


BF 
1 


****** 


JP ccdst DA 
if cc is true 
PC*- dst IRR 


c 


cD 

= 0- 

30 


F 



Addr Mode Opcode Flags Affected 

Byte 

dst src (Hex) C Z S V D H 



Instruction 
and Operation 



JR ccdst 
if cc is true, 

PC *- PC + dst 
Range. +127,-128 



RA 



cB 
= - F 



LD dst.src 
dst *- src 



r 
r 
R 

r 

X 
r 

Ir 
R 
R 
R 
IR 
IR 



Im 
R 



X 

r 

Ir 
r 

R 
IR 
IM 
IM 
R 



rC 

r8 

r9 

- F 

C7 

D7 

E3 g 

F3 00 

E6 ^ 

E7 q, 

F5 5 

8 
I 

3 



LDC dst.src 
dst *- src 


r 
Irr 


Irr 
r 


C2 
D2 




LDCI dst.src 

dst *- src 

r *- r + 1 ; rr *- rr + 1 


Ir 
Irr 


Irr 
Ir 


C3 
D3 




LDE dst.src 
dst *- src 


r 
Irr 


Irr 
r 


82 
92 




LDEI dst.src 

dst *- src 

r *- r + 1 ; rr *- rr + 1 


Ir 
Irr 


Irr 
Ir 


83 
93 




NOP 






FF 




OR dst.src 

dst *- dst OR src 


(Notel) 


4D 


— * * 


POP dst 

dst *- @SP; 
SP*-SP + 1 




R 
IR 


50 




PUSH src 

SP*-SP - 1;@SP*-j 


src 


R 
IR 


70 
71 




RCF 

c*-o 






CF 





RET 

PC *- @SP, SP *- SP + 


■ 2 




AF 






R 
IR 




90 
91 




n^st r^-^j 


* * * * 




R 
IR 




10 
11 




"LCdst^^^^J 


* * * * 




R 
IR 




EO 
E1 




RRdst l^Lf-^J 


* * * * 
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INSTRUCTION SUMMARY (Continued) 



Instruction 
and Operation 


Addr Mode 


Opcode 
Byte 
(Hex) 


Flags Affected 


dst src 


C Z S V D H 






CO 
C1 




KHOdstLj.^- 


-^ IR 


* * * * 


SBC dst.src (Notel) 

dst *- dst *- src *- C 


3D 


* * * * 1 * 


SCF 

C-1 




DF 


1 






DO 
D1 




SRAdstl^^-^R 


* * * 


SRP src 

RP +- src 


Im 


31 




SUB dst.src 

dst *- dst *- src 


(Notel) 


2D 


* * * * 1 * 


swap dst , r~r 

|7 4|3 


T^ IR 


FO 
F1 


X * * X 


TCM dst, src 
(NOT dst) AND src 


(Notel) 


6D 


- * * 



TM dst.src 
dst AND src 



(Notel) 



7D - * * 



Addr Mode Opcode Flags Affected 

Byte 

dst src (Hex) C Z S V D H 



Instruction 
and Operation 



XOR dst.src 

dst *- dst XOR src 



(Notel) 



BD 



* * 



NOTE: These instructions have an identical set of addressing modes, 
which are encoded for brevity. The first opcode nibble is found in 
the instruction set table above The second nibble is expressed 
symbolically by a D in this table, and its value is found in the 
following table to the left of the applicable addressing mode pair. 

For example, the opcode of an ADC instruction using the 
addressing modes r (destination) and Ir (source) is 13. 



Addr Mode 



dst 



r 
r 

R 
R 
R 
IR 



r 
Ir 
R 
IR 
IM 
IM 



Lower 
Opcode Nibble 



HI 

m 

m 
s 
m 



REGISTERS 



R248P1M 
Port 1 Mode Register 

(F8H) 

| D 7 I D 6 | D s | D 4 | D 3 | D 2 | D 1 | D | 



P10-P17 I/O DEFINITION 

- DEFINES BIT AS OUTPUT 

1 DEFINES BIT AS INPUT 



R246 P2M 
Port 2 Mode Register 

(F6H) 

| D 7 I D 6 J D 5 [ D 4 | D 3 | D 2 | D, | D "| 



P2 -P2 7 I/O DEFINITION 

- DEFINES BIT AS OUTPUT 

1 DEFINES BIT AS INPUT 



R247P3M 
Port 3 Mode Register 

(F7H) 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | D "| 



PORT 2 PULL-UPS OPEN DRAIN 
" 1 PORT 2 PULL-UPS ACTIVE 



PORT 1 PULL-UPS OPEN DRAIN 
" 1 PORT 1 PULL-UPS ACTIVE 



. P35 = OUTPUT 

1 P35 = INT 
- RESERVED 

. P33 = INPUT 
1 P33 = DAT1/RDY1 



P34 = OUTPUT 
P34 = RDY1/DAV1 



. P31 = 
1 P31 = 



INPUT (Tin) P36 = OUTPUT (Tout) 
DAV2/RDY2 P 3 6 = RDY2/DAV2 



P30 = INPUT P37 = OUTPUT 

' 1 P30 = IEI P37 = IEO 



_ P32 = INPUT 
1 P32 = INTACK 



Figure 12. Port Mode Registers 
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REGISTERS (Continued) 

R251 IMR 
Interrupt Mask Register 

(FBH) 

I D 7 I D 6 I D 5 I D 4 I D 3 I D 2 I D, I D I 



R250 IRQ 
Interrupt Request Register 

(FAH) 



u 



ENABLES IRQO 
1 ENABLES IRQ1 
1 ENABLES IRQ2 
1 ENABLES IRQ3 
1 ENABLES IRQ4 
1 ENABLES IRQ5 
RESERVED 
1 ENABLES INTERRUPTS 



D 6 | D 5 | D 4 I D 3 | D 2 | D 1 | D | 



Li 



IRQO = MASTER CPU COMMUNICATIONS 

IRQ1 = P3 3 INPUT 

IRQ2 = P3i INPUT 

IRQ3 = P3 INPUT 

IRQ4 = To 

IRQ5 = T! 

RESERVED 



R249 IPR 
Interrupt Priority Register 

(F9h, Write Only) 



RESERVED 

INTERRUPT GROUP PRIORITY 
RESERVED = 000 
C>A>B = 001 
A>B>C = 010 
A>C>B = 011 
B>OA = 100 
C>B>A = 101 
B>A>C = 110 
RESERVED = 111 



J D 7 | D 6 | D 5 | D 4 


D 3 [ D 2 | D, ] D | 


_J 






L_ 











IRQ1, IRQ4 PRIORITY (GROUP C) 

■ IRQ1 > IRQ4 

1 » IRQ4 > IRQ1 

IRQO, IRQ2 PRIORITY (GROUP B) 

= IRQ2 > IRQO 

1 = IRQOIRQ2 

IRQ3, IRQ5 PRIORITY (GROUP A) 

= IRQ5 > IRQ3 

1 = IRQ3>IRQ5 



Figure 13. Interrupt Control Registers 



R254 MIC 
Master CPU Interrupt Control Register 

(FEH) 



D 7 D, D s D« D 3 D 2 D, D 



Lc 



R240 MIV 
Master CPU Interrupt Vector Register 

(F0H) 



I Or I Ds 



a 



1 END OF MESSAGE 
WAIT ENABLE WHEN WRITE 
" 1 WAIT DISABLE WHEN WRITE 

ENABLE LOWER CHAIN 

1 DISABLE LOWER CHAIN 

DISABLE DATA TRANSFER 

1 ENABLE DATA TRANSFER 

VECTOR OUTPUT 

1 NO VECTOR OUTPUT 

NO MASTER CPU INTERRUPT PENDING 
' 1 MASTER CPU INTERRUPT PENDING 

NO INTERRUPT UNDER SERVICE 

1 INTERRUPT UNDER SERVICE 

INTERRUPT REQUEST DISABLED 
" 1 INTERRUPT REQUEST ENABLED 



• VECTOR DATA (D = LSB) 



Figure 14. Master CPU Interrupt Registers 



R252 FLAGS 
Flag Register 

(FCh) 

I D 7 I D 6 I D 5 I D 4 I D 3 I D 2 I D, I p7| 



L^ 



R253 RP 
Register Pointer 

(FDH) 

I D 7 I D 6 I D 5 I D 4 I D 3 I D 2 I D, I d7 



USER FLAG F1 
USER FLAG F2 
HALF CARRY FLAG 

■ DECIMAL ADJUST FLAG 

■ OVERFLOW FLAG 
- SIGN FLAG 

ZERO FLAG 
CARRY FLAG 



REGISTER POINTER - 
(r 4 -r 7 ) 



• DON'T CARE 



R255SP 
Stack Pointer 

(FFH) 

I D 7 I D 6 I D 5 I D 4 I D 3 I D 2 I D 1 [ Dp] 
1 



STACK POINTER 
(SP0-SP7) 



Figure 15. UPC Control Registers 
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REGISTERS (Continued) 



RODTC 
Data Transfer Control Register 

(00H) 



[d7^ 



D 5 I D 4 I D 3 | D 2 | D 1 | D | 



|(EOM) Q _ 

1 END OF MESSAGE 



(LERR) 



(IRP) 



NO LIMIT ERROR 
"1 LIMIT ERROR 



_0 NO TRANSFER ERROR 
1 TRANSFER ERROR 



.0 DISABLE DATA TRANSFER 
1 ENABLE DATA TRANSFER 



-1 I/O REGISTER POINTER 



R4LC 
Limit Count Register 

(04H) 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | d7| 



R5 DIND 
Data Indirection Register 

(05H) 

j D 7 | D 6 | D 5 | P 4 | D 3 | D 2 | D, [DTI 



LIMIT COUNT VALUE 
• (RANGE: 0-255 DECIMAL 
00-FF HEX) 



INDIRECTION ADDRESS 
" (Do = LSB) 



Figure 16. Master CPU-UPC Data Transfer Registers 



R241 TMR 
Timer Mode Register 

(F1H) 



j P 7 | D 6 | D s 



Tout MODES 

RESERVED " 

To OUT 

Ti OUT = 10 

INTERNAL CLOCK OUT = 11 



Tin MODES 

EXTERNAL CLOCK 

INPUT = 00 

GATE INPUT = 01 " 

TRIGGER INPUT = 10 

(NON-RETRIGGERABLE) 

TRIGGER INPUT = 11 

(RETRIGGERABLE) 



ES-T 

00 

01 1 



D4 I P 3 | Pa I Pi I Pol 



L = NO FUNCTION 
1 = LOAD To 

= DISABLE To COUNT 

1 = ENABLE To COUNT 

= NO FUNCTION 

1 ■ LOAD T1 



. = DISABLE T1 COUNT 
1 = ENABLE T1 COUNT 



R243 PRE1 
Prescaler 1 Register 

(F3H) 



070,05 



D 3 D 2 D, Do 



COUNT MODE 

- - T1 SINGLE PASS 
1 - T1 MODULO • N 

CLOCK SOURCE 
. - EXTERNAL TIMING INPUT 
(T, N ) MODE 
1 = Ti INTERNAL 

PRESCALER MODULO 

- (RANGE: 1-64 DECIMAL 
01-00 HEX) 



R242 T1 
Counter/Timer 1 Register 

(F2H) 



| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | D "] 



Ti INITIAL VALUE 
- (RANGE: 1-256 DECIMAL 
01-00 HEX) 



R244T0 
Counter/Timer Register 

(F4H) 



D 7 D, D s D 4 D, Oj 



I Pi I Pp | 



To INITIAL VALUE 
- (RANGE: 1-256 DECIMAL 
01-00 HEX) 



R245 PRE0 
Prescaler Register 

(F5H) 



E! 



P4 | P 3 l D 2 | Pi l p7| 



L 



COUNT MODE 

= To SINGLE-PASS 

1 = To MODULO • N 



PRESCALER MODULO 
-(RANGE: 1-64 DECIMAL 
01-00 HEX) 



Figure 17. UPC Counter/Timer Registers 
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Table 4. Control Register Reset Conditions 


Control Register 


D 7 


D 6 


D 5 


D 4 D 3 


D 2 


Di 


Do 


Comments 


00 H 

Data Transfer Control Register 


X 


X 


X 


X 











Disable data transfer from 
master CPU 


04 H 

Limit Count Register 








Not Defined 










05 H 

Data Indirection Register 








Not Defined 










F0 H 

Interrupt Vector Register 








Not Defined 










F1 H 
Timer Mode 























Stops TO and T1 


F2 H 

TO Register 








Not Defined 










F3 H 

TO Prescaler 


X 


X 


X 


X X 


X 








Single-Pass mode 


F4 H 

T1 Register 








Not Defined 










F5 H 

T1 Prescaler 


X 


X 


X 


X X 


X 








Single-Pass mode External 
clock source 


F6 H 

Port 2 Mode 


1 


1 


1 


1 1 


1 


1 


1 


Port 2 lines defined as inputs 



F7 H 

Port 3 Mode 







Ports 1 , 2 open drain; 
P3 5 = INT;P3o,P3 1 ,P3 2 , 
P33 defined as input; P34, 
P36, P37 defined as output. 



F8 H 

Port 1 Mode 


1 


1 


1 


1 1 


1 


1 


1 


Port 1 lines defined as inputs 


F9 H 

Interrupt Priority 








Not Defined 










FA H 

Interrupt Request 


X 


X 

















Reset Interrupt Request 


FB H 
Interrupt Mask 





X 


X 


X X 


X 


X 


X 


Interrupts disabled 


fc h 

Flag Register 








Not Defined 










FD H 

Register Pointer 








Not Defined 










fe h 

Master CPU Interrupt 
Control Register 























Master CPU interrupt disabled; 
wait enable when write; 
lower chain enabled 


ff h 

Stack Pointer 








Not Defined 










NOTE - X means not defined 



i 

8 

Hi 
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MASTER CPU INTERFACE TIMING Z8590/4 

® ' 




INTERRUPT ACKNOWLEDGE TIMING Z8590/94 



DB -DB 7 



IEO 



\ 



X 



'+®+* 



S. 



> 



® 

/ 



-<s>- 



/ 



-®- 



x v 



x: 



®k- 
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Z8590/4 AC CHARACTERISTICS 



Number Symbol 



Parameter 



4 MHz 
Min Max 



Notes *t 



1 


TrC 


Clock Rise Time 




20 






2 


TwCH 


Clock High Width 


105 


1855 






3 


TfC 


Clock Fall Time 




20 






4 


TwCI 


Clock Low Width 


105 


1855 






5 


TpC 


Clock Period 


250 


2000 






6 


TsA/D(WR) 


A/D to WR * Setup Time 


80 








7 


TsA/D(RD) 


A/D to RD* Setup Time 


80 








8 


ThA/D(WR) 


A/D to WRt Hold Time 


30 








9 


ThA/D(RD) 


A/D to RDt Hold Time 


30 






N 


10 


TsCSf(WR) 


CS * to WR * Setup Time 









© 


11 


TsCSf(RD) 


CS * to RD* Setup Time 









§ 


12 


TsCSr(WR) 


CS t to WR* Setup Time 


60 






i 


13 


TsCSr(RD) 


CS t to RD* Setup Time 


60 






14 


ThCS(WR) 


CS to WRt Hold Time 









15 


ThCS(RD) 


CS to RD t Hold Time 









16 


TsDI(WR) 


Data in to WR * Setup Time 









£ 


17 


Tw(WR) 


WR Low Width 


390 






£ 


18 


Tw(RD) 


RD Low Width 


390 






a 

3 


19 


ThWR(DI) 


Data in to WRt Hold Time 









20 


TdRD(DI) 


Data Valid from RD * Delay 






[1,3] 




21 


ThRD(DI) 


Data Valid to RD t Hold Time 







[3] 




22 


TdRD(Dl z ) 


Data Bus Float Delay from RD t 




70 


[3] 




23 


TcIRD(DBa) 


RD * to Read Data Active Delay 







[3] 




24 


TdWR(W) 


WR* to WAIT * Delay 




150 






25 


TdRD(W) 


RD I to WAIT* Delay 




150 






26 


TdDI(W) 


Data Valid to WAIT t Delay 







[3] 




27 


TsACK(RD) 


INTACK* to RD* Setup Time 


90 




[2] 




28 


TdRD(DI) 


RD * to Vector Valid Delay 




255 






29 


ThRD(ACK) 


RDt to INTACKt Hold Time 











30 


ThlEI(RD) 


IEI to RDt Hold Time 


100 








31 


TwRDI 


RD (Acknowledge) Low Width 


255 








32 


TdlEI(IEO) 


IEI to IEO Delay 




120 


[3] 




33 


TslEI(RD) 


IEI to RD* Setup Time 


150 








34 


TdACKf(IEO) 


INTACK* to IEO* Delay 




250 






35 


TdACKr(IEO) 


INTACKt to IEO t Delay 




250 







NOTES: 

[1 ] This parameter is dependent on the state of the UPC at the time of 

master CPU access. 
[2] In case where daisy chain is not used. 
[3] All output ac parameters use test load 1 . 



* Timings are preliminary and subject to change. Units in nanoseconds 

(ns). 
t The timing characteristics given reference 2.0V as High and 0.8V as 

Low. 
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Z8090/4 MASTER CPU INTERFACE TIMING 




AD -AD 7 

MASTER CPU 
WRITE 



Z8090/4 INTERRUPT ACKNOWLEDGE TIMING 

V UNDEFINED \ 



AD -AD 7 



WV 



(s> 



/ 



\ ^T**.r 



DS 



"®- 



K 



X 



X 



X 



\ VECTOR \- 



\ « ® 'J /f 



XI 



-®- 



/ 
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Z8090/4 AC CHARACTERISTICS 









4 MHz 




Number 


Symbol 


Parameter 


Min 


Max 


Notes *t 


1 


TrC 


Clock Rise Time 




20 




2 


TwCh 


Clock High Width 


105 


1855 




3 


TfC 


Clock Fall Time 




20 




4 


TwCI 


Clock Low Width 


105 


1855 




5 


TpC 


Clock Period 


250 


2000 




6 


TsCS(AS) 


CS to AS t Setup Time 







[1] 


7 


ThCS(AS) 


CS to AS t Hold Time 


60 




[1] 


8 


TsA(AS) 


Address to AS t Setup Time 


30 




[1] 


9 


ThA(AS) 


Address to AS t Hold Time 


50 




[1] 


10 


TwAS 


AS Low Width 


70 






11 


TdDS(DR) 


DS t to Read Data Not Valid 









12 


TdDS(DRz) 


DS t to Read Data Float Delay 




70 


[2] 


13 


TdAS(DS) 


ASttoDSIDelay 


60 


2095 




14 


TdDS(AS) 


DSt AS I Delay 


50 






15 


ThDW(DS) 


Write Data to DS t Hold Time 


30 




[1] 


16 


TdDS(DR) 


DS I to Read Data Valid Delay 






[3] 


17 


TdAz(DS) 


Address Float to DS Delay 









18 


TwDS 


DS Low Width 


390 






19 


TsRWR(DS) 


R/W (Read) to DS I Setup Time 


100 






20 


TsRWW(DS) 


R/W (Write) to DS I Setup Time 









21 


TsDW(DSf) 


Write Data to DS 1 Setup Time 


30 






22 


TdAS(W) 


AS t to WAlTl Valid Delay 




195 




23 


ThRW(DS) 


R/W to DSt Hold Time 


60 






24 


TsDR(W) 
TslA(AS) 


Read Data Valid to WAIT t 










25 


INTACK to AS t Setup Time 




26 


ThlA(AS) 


INTACKtoAStHoldTime 


250 






27 


TdAS(DSA) 


AS t to DS 1 (Acknowledge) Delay 


940 






28 


TdDSA(DR) 


DS I (Acknowledge) to Read Data Valid Delay 




360 




29 


TwDSA 


DS I (Acknowledge) Low Width 


475 






30 


TdAS(IEO) 


AS t to I EO Delay 




290 




31 


TdlElf(IEO) 


IEI to IEO Delay 




120 




32 


TslEI(DSA) 


IEI to DS I (Acknowledge) Setup Time 


150 






33 


TdDS(INT) 


DSI to INT Delay 




500 




34 


ThlEI(DS) 


IEI to DSt Hold Time 


100 







I 



en 

s 

CS 



NOTES. 

[1 ] Parameter does not apply to Interrupt Acknowledge transactions. 

[2] The maximum value for TdAS(DS) does not apply to Interrupt 

Acknowledge transactions. 
[3] This parameter is dependent on the state of UPC at the time of master 

CPU access. 



* Timings are preliminary and subject to change Units in nanoseconds 

(ns) 
t The timing characteristics given reference 2 0V as High and 8V as 

Low All output ac parameters use test load 1 
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HANDSHAKE TIMING 



DC 



DATA IN VALID 



DAV 

INPUT 



RDY 

OUTPUT 



J ^ @© * 

V 



2^ 



FT 



Input Handshake 



-©- 



Jf POP 



PORT 
READ 



X 



DAV 

OUTPUT 



RDY 

INPUT 




PORT 
WRITE 



DATA OUT VALID 



-0- 



-m2H •« — © — ► i 



K 



/ 



Output Handshake 



AC CHARACTERISTICS 

Handshake Timing 



Number Symbol 



Parameter 



4 MHz 
Min Max 



Notes*t 



1 TsDI(DA) 

2 ThDA(DI) 

3 TwDA 

4 TdDAL(RY) 

5 TdDAH(RY) 

6 TdDO(DA) 

7 TdRY(DA) 



Data in Setup Time 
Data in Hold Time 
Data Available Width 
Data Available Low to Ready 

Delay Time 
Data Available High to Ready 

Delay Time 
Data Out to Data Available Delay Time 
Ready to Data Available Delay Time 










230 






175 




[1.2] 


20 


175 


[1-2] 







[2,3] 




150 


[1,2] 







[2,3] 


50 




[2] 





205 


[2] 



NOTES 

[1] Input Handshake. 

[2] Test Load 1 . 

[3] Output Handshake 

* Timings are preliminary and subject to change. Units in nanoseconds 

(ns). 
t All timing references assume 2.0V for a logic "1" and 8V for a logic 

"0" All output ac parameters use test load 1 
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RESET TIMING 

8090/8094 8590/8594 

AS WR 






J 



-ft- 



\ f 



\ r^ r 



-CD- 



AC CHARACTERISTICS 

8090/8094 Reset Timing 



Number Symbol 



Parameter 



4 MHz 
Min Max 



Notes *t 



1 TdDSQ(AS) Delay from DS t to AS \ for No Reset 

2 TdASQ(DS) Delay from AS t to DS \ for No Reset 

3 TwRES Minimum Width of AS and DS both Low for Reset 



40 

50 

250 



[2] 
[2] 
[1,2] 



M 

§ 

O 

i 

M 

00 
01 

$ 

•fk 

s 



NOTES. 

[1 ] Internal reset signal is V2 to 2 clock delays from external reset condition 

[2] 8090, 8094 

* Timings are preliminary and subject to change Units in nanoseconds 

(ns). 
t All timing references assume 2.0V for a logic " 1 " and 8V for a logic 

"0" 



8590/8594 Reset Timing 



Number Symbol 



Parameter 



4 MHz 
Min Max 



Notes *f 



1 TdRDQ(WR) Delay from RDt to WR I for No Reset 40 

2 TdWRQ(RD) Delay from WR t to RD I for No Reset 50 

3 TwRES Minimum Width of WR and RD both Low for Reset 250 



[2] 
[2] 
[1,2] 



NOTES 

[1 ] Internal reset signal is V2 to 2 clock delays from external reset condition 

[2] 8590, 8594 

* Timings are preliminary and subject to change Units in nanoseconds 

(ns) 
t All timing references assume 2.0V for a logic " 1 " and 8V for a logic 

"0". 
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RAM VERSION PROGRAM MEMORY TIMING 

-- © 

MAS \ / 



Ao-Av 



(RAM VERSION 
ONLY) 



I>0-l>7 

WRITE CASE 



MDS 

READ CASE 



D0D7 

READ CASE 



IRQN* 



DC 






ADDRESS VALID 



X 



x 



-®- 



♦©- 



N r 



© 



DATA VALID OUT 



X 



\ 



* 



-^®-^ 



r 



-0- 



y 



** — ® — H ~^ \ *® 

( Ia^j — 

— ® - 



•This signal is not available externally. 
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AC CHARACTERISTICS 

RAM Version Program Memory Timing 



Number Symbol 



Parameter 



4 MHz 
Min Max 



Notes'f 



1 TwMAS 

2 TdA(MAS) 

3 TdMR/W(MAS) 

4 TdMDS(A) 

5 TdMDS(MR/W) 



Memory Address Strobe Width 60 

Address Valid to Memory Address Strobe t Delay 30 

Memory Read/Write to Memory Address Strobe t Delay 30 

Memory Data Strobe t to Address Change Delay 60 
Memory Data Strobe t to Memory Read/Write Not 

Valid Delay 80 



[1] 
[1] 
[1] 



6 Tw(MDS) Memory Data Strobe Width (Write Case) 1 60 

7 TdDO(MDS) Data Out Valid to Memory Data Strobe I Delay 30 

8 TdMDS(DO) Memory Data Strobe t to Data Out Change Delay 30 

9 Tw(MDS) Memory Data Strobe Width (Read Case) 230 
1 TdMDS(DI) Memory Data Strobe I to Data In Valid Delay 



160 



[2] 
[1] 
[1] 
[2] 
[3] 



1 1 TdMAS(DI) Memory Address Strobe t to Data In Valid Delay 280 [3] 

12 ThMDS(DI) Memory Data Strobe t to Data In Hold Time 

13 TwSY Instruction Sync Out Width 160 

14 TdSY(MDS) Instruction Sync Out to Memory Data Strobe Delay 200 

15 Twl Interrupt Request via Port 3 Input Width 100 



NOTES 

[1 ] Delay times are specified for an input clock frequency of 4 MHz. When 

operating at a lower frequency, the increase in input clock period must 

be added to the specified delay time. 
[2] Data strobe width is specified for an input clock frequency of 4 MHz. 

When operating at a lower frequency, the increase in three input clock 

periods must be added to the specified width. Data strobe width varies 

according to the instruction being executed. 



[3] Address strobe and data strobe to data in valid delay times represent 
memory system acess times and are given for a 4 MHz input 
frequency. 
* Timings are preliminary and subject to change. Units in nanoseconds 

(ns). 
t All timing references assume 2.0V for a logic "1" and 0.8V for a logic 
"0". All output ac parameters use test load 2. 



STANDARD TEST CONDITIONS 

The DC characteristics listed below apply for the following 
standard test conditions, unless otherwise noted. All 
voltages are referenced to GND. Positive current flows into 
the referenced pin. 

Standard conditions are as follows: 

■ + 4.75V <V CC < + 5.25V 



■ V SS = GND = 0V 

■ 0°C<T A < +70°C 

The Ordering Information section lists package temperature 
ranges and product numbers. Package drawings are in the 
Package Information section. Refer to the Literature List for 
additional documentation. 



FROM OUTPUT t 
UNDER TEST v 



50pF5p 




FROM OUTPUT t 
UNDER TEST * 



50 pf 




Figure 18. Test Load 1 



Figure 19. Test Load 2 



8085-006,312 
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ABSOLUTE MAXIMUM RATINGS 

Voltages on all pins with respect 

toGND -0.5V to + 7.0V 

Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°Cto +150°C 

DC CHARACTERISTICS 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device This is a stress rating only; 
operation of the device at any condition above those indicated in the 
operational sections of these specifications is not implied Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



Symbol 


Parameter 


Min 


Max 


Unit 


Condition 


Notes 


VCH 


Clock Input High Voltage 


2.4 


Vcc 


V 






VCL 


Clock Input Low Voltage 


-0.3 


0.8 


V 






V|H 


Input High Voltage 


2.0 


Vcc 


V 






V|L 


Input Low Voltage 


-0.3 


0.8 


V 






V H 


Output High Voltage 


2.4 




V 


Ioh - -250^a 


1 


Vol 


Output Low Voltage 




0.4 


V 


lOL = + 2.0 mA 


1 


IlL 


Input Leakage 


-10 


10 


ha 


0<V| N < + 5.25V 




lOL 


Output Leakage 


-10 


10 


ma 


0<V| N < + 5.25V 




Ice 


Vcc Supply Current 




250 


mA 




2 


1 . For Aq-Ai i , Dq-D7, and MR/W on the Protopack versions, Ioh = 1 00 ><A and Iql = 1 

2. For Protopack versions, Ice = 250 mA plus the current for the memory IC used. 


1 ,0 mA. 






ORDERING INFORMATION 












UPC Non-Multiplexed Bus, XRAM 4.0 MHz 
40-pin Protopack 

Z8594 RS 






Z-UPC, XRAM, 4.0 MHz 
40-pin Protopack 

Z8094 RS 






UPC, 2K ROM, 4.0 MHz 
40-pin DIP 

Z8590 PS 
Z8590 CS 






Z-UPC,2KROM,4.0MHz 
40-pin DIP 

Z8090 PS 
Z8090 CS 





Codes 

First letter is for package; second letter is for temperature. 



C - Ceramic DIP 

P = Plastic DIP 

L = Ceramic LCC 

V = Plastic PCC 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 



TEMPERATURE 
S =0°Cto+70°C 
E = -40°Cto +85°C 
M*= -55°Cto +125°C 



FLOW 

B = 883 Class B 



* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 
fAvailable soon 
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Z8516 DMA Transfer 
Controller (DTC) 



Product 
Specification 



April 1985 



FEATURES 

■ Two independent multi-function channels 

■ Transfer Modes: single, demand dedicated with bus 
hold, demand dedicated with bus release, demand 
interleave 

■ Memory/peripheral transfers up to 2.66 Megabyte/ 
second at 4MHz and 4 Megabyte/second at 6MHz 

■ Memory/memory flowthrough transfer up to 1.33 
Megabyte/second at 4MHz and 2 Megabyte/second at 6 
MHz 

■ 1 6 Megabyte physical addressing range in each address 
space 



byte-to-byte, word-to-word, byte/word 



Data types: 
tunneling 

Automatic loading/reloading of control parameters by 
each channel 



■ Optional automatic chaining of operations 

■ Masked data pattern matching for search operations 

■ Vectored interrupts on selected transfer conditions 

■ Software or hardware wait state insertion 

■ Address increment, decrement, or hold 

■ Channel interleave operations 

■ Interleave operations with system bus 

■ Base registers for efficient repetitive operations 

■ Reload word table for efficient channel initialization 

■ Software DMA request 



GENERAL DESCRIPTION 

The Z8516 Universal DMA Transfer Controller (DTC) is a 
high performance peripheral interface circuit for non-Z-BUS 
CPUs (Figure 1). In addition to providing data block transfer 
capability between memory and peripherals, each of the 
DTC's two channels can perform peripheral-to-peripheral 
and memory-to-memory transfers (Hgure 2). A special 
Search Mode of Operation compares data read from a 
memory or peripheral source with the contents of a pattern 
register. 

For all DMA operations (search, transfer, and transfer- 
and-search), the DTC can operate with either byte or word 
data sizes. In some system configurations it may be 
necessary to transfer between word-organized memory and 
a byte-oriented peripheral. The DTC provides a byte 
packing/unpacking capability through its byte-word 
funnelling transfer or transfer-and-search option. Some 
DMA applications may continuously transfer data between 



the same two memory areas; these applications may not 
require the flexibility inherent in reloading registers from 
memory tables. To service these repetitive DMA operations, 
base registers, which reinitialize the current source and 
destination Address and Operation Count registers, are 
provided on each channel. To change the data transfer 
direction under CPU control, provision is made for 
reassigning the source address as a destination and the 
destination as a source, eliminating the need for actual 
reloading of these address registers. 

DMA devices frequently must interface to slow peripherals 
or slow memory. In addition to providing a hardware WAIT 
input, the Z8516 DTC allows the user to program the 
automatic insertion of either 0, 1 , 2, or 4 wait states for either 
source or destination addresses. The user may even disable 
the wait pin function and exclusively use these software- 
programmed wait states. 
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High throughput and powerful transfer options are less 
useful if a DMA requires frequent reloading by the host CPU. 
The Z8516 minimizes CPU interactions by allowing each 
channel to load its control parameters from memory into the 
channel's control registers. The only CPU action required is 
to load the control parameter table's address into the 



channel's Chain Address register and then issue a Start 
Chain Command to start the register loading operation. This 
reloading operation is called command chaining and the 
table is called the Chain Control Table. 

The Z8516 DTC is packaged in a 48-pin DIP and uses a 
single + 5V power supply. 
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Figure 1 . DTC Block Diagram 
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Figure 2. DTC Configuration 



SIGNAL DESCRIPTIONS (Figures 3 and 4) 



AD -AD 15 . Address/Data Bus (bidirectional, active High, 
3-state). The time-multiplexed bus is used for all I/O and 
memory transactions. ADq is the least significant bit 
position; AD15 is the most significant. The presence of 
addresses is defined by the timing edge of ALE; the 



asserted or requested presence of data is defined by the DS 
signal. When the DTC is in control of the system bus, it 
dominates the AD Bus; when the DTC is not in control of the 
system bus, the CPU or other external devices dominate the 
AD Bus. 
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Figure 4. Pin Assignments 



Ai6-A23- Upper Address Bus (output, 3-state). A 16 -A 2 3 are 
activated only when the DTC is controlling the system bus. 
Combined with the lower 1 6 address bits appearing on ADq 
through AD-15, this 24-bit linear address allows the DTC to 
access anywhere within 1 6 Megabytes of memory. 

ALE. Address Latch Enable (output, active High). This 
signal is provided by the DTC to latch the address signals 
AD0-AD-15 into the address latch. This pin is never floated. 

BAI. Bus Acknowledge In (input, active High). BAI is an 
asynchronous signal indicating that the CPU has 
relinquished the bus and that no higher priority device has 
assummed bus control. Since BAI, before being used, is 
internally synchronized by the DTC, transitions on BAI do 
not have to be synchronous with the DTC clock. The BAI 
input is usually connected to the HLDA line from the CPU or 
to the output of a priority decoder. 

BUSREQ. Bus Request (output, active High). This signal is 
used by the DTC to obtain control of the bus from the CPU. 
BUSREQ lines from multiple devices are connected to a 
priority encoder. 

B/W. Byte/Word (output, 3-state). This output indicates the 
size of data transferred on the AD -ADi 5 bus. High indicates 
a byte (8-bit) transfer; Low indicates a word (16-bit) transfer. 
This output is activated when ALE is High and remains valid 
for the duration of the whole transaction. All word-sized data 
is word aligned and must be addressed by even addresses 
(Aq = 0). When addressing byte read transactions, the least 
significant address bit determines which byte is needed; an 



even address specifies the most significant byte (AD8-AD15) 
and an odd address specifies the least significant byte 
(AD0-AD7). This addressing mechanism applies to memory 
accesses as well as I/O accesses. When the DTC is a slave, it 
ignores the B/W signal and this pin floats to 3-state OFF. 

CLK. DTC Clock (input). The clock signal controls the 
internal operations and the rates of data transfers. It is 
usually derived from a master system clock or the 
associated CPU clock. The Clock input requires a high 
voltage input signal. Many DTC input signals can make 
transitions independent of the DTC clock; these signals can 
be async hronous to the DTC clock. On other signals, such 
as WAIT inputs, transitions must meet setup and hold 
requirements relative to the DTC clock, 

CS. Chip Select (input, active Low). A CPU or other external 
device uses CS to activate the DTC for reading and writing of 
its internal registers. There are no timing requirements 
between the CS input and the DTC clock; the_CS input 
timing requirements are only defined relative to DS signal 
timings. This pin is ignored when the DTC is in control of the 
system bus. 

DACK-t, DACK 2 . D MA Ac knowledge (output, active Low, 
one per channel). DACK in dicates that the channel is 
performing a DMA operation. DACK is pulsed, held active, 
or held inactive during DMA operations as programmed in 
the Channel Mode register. For Flowthrough operations, the 
peripheral is fully addressed using the conventional I/O 
addressing protocols and therefore may choose to ignore 
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DACK DACK is always output as programmed in the 
Channel Mode register for a DMA operation, even when the 
operation is initiated by a C PU so ftware request command 
or as a result of chaining. DACK is not output during the 
chaining operations. 

DREQ-i, DREQ 2 . DMA Request (input, active Low, one per 
channel). DREQ may make transitions independent of the 
DTC clock; these lines are used by external logic to initiate 
and control DMA operations performed by the DTC. 

DS. Data Strobe (bidirectional, active Low). A Low on this 
signal indicates that the AD -AD-| 5 bus is being used for 
data transfer. When the DTC is not in control of the system 
bus and the external system is transferring information to or 
from the DTC, DS is a timing input used by the DTC to move 
data to or from the AD -AD 15 bus. Data is written into the 
DTC by the external system on the Low-to-High DS 
transition. Data is read from the DTC by the external system 
while DS is Low. There are no timing requirements between 
DS as an input and the DTC clock; this allows use of the DTC 
with a system bus which does not have a bussed clock 
(Figure 26). During a DMA operation when the DTC is in 
control of the system, DS is an output generated by the DTC 
and used by the system to move data to or from the 
AD -AD-|5 bus. When the DTC has bus control, it writes to 
the external system by placing data on the AD -AD-| 5 bus 
before the High-to-Low DS transition and holding the data 
stable until after the Low-to-High DS transition; while reading 
from the external system the Low-to-High transition of DS 
inputs datafrom the AD0-AD15 bus into the DTC (Figure 27). 

EOP . End of Process (bidirectional, active Low, open drain). 
EOP must be pulled up with an external resistor of 1 .8 ohm 
or more. When a TC or M C ter mination occurs, the DTC 
emits an output pulse on EOP. An external so urce may 
term inate a DMA operation in progress by driving EOP Low. 
EOP al ways applies to the active channel; if no channel is 
active, EOP is ignored. 

INT. Interrupt Request (output, open drain, active Low). IN? 
is used to interrupt the CPU. It is driven Low whenever the IP 
and CIE bits of the Status Register are set. It is cleared by the 
DTC after receiving a clear IP command. 



INTACK . Interrupt Acknowledge (input, active Low). 
INTACK indicates that the request for interrupt has been 
granted. The DTC places a vector onto the AD bus if the No 
Vector on Interrupt bit (MM3) is reset. 

M/IO. Memory/Input-Output (output, 3-state). This signal 
specifies the type of transaction. A High on this pin indicates 
a memory transaction; a Low indicates an I/O transaction. It 
floats to a tri-state level when DTC is not in control of the 
system bus. 

N/S. Normal/System (output, 3-state). This signal is 
activatedonly when DTC is the master. Normal isjindicated 
when N/S is High. Thissignal supplements the M/IO line and 
is used to indicate whether memory or I/O space is being 
accessed. 



P/D. Pointer/Data (input). This signal indicates information 
on the ADq-AD-i 5 bus only when the DTC is the bus slave. A 
High on this signal indicates that the information on the AD 
bus is an address of the internal register to be accessed. The 
data on the AD bus is loaded into the Pointer register of the 
DTC. A Low on this signal indicates that a data transfer is 
taking place between the bus and the internal register 
designated by the Pointer register. Note that if a transaction 
is carried out with R/W High and P/D High, the contents of 
the Pointer register will be read. 



RBEN. Receive Buffer Enable (output, open drain, active 
Low). When DTC is in control of the system bus, a Low on this 
output indicates that the data is being transferred from the 
data bus lines to the DTC through the buffer. The purpose of 
this signal is to eliminate bus contention. This pin floats to a 
tri-state level when the DTC is not in control of the system 
bus. 



RESET. Reset (input, active Low). RESET disables the DTC 
and clears its Master Mode register. 

R/W. Read/Write (bidirectional, 3-state). Read polarity is 
High and write polarity is Low. R/W indicates the data 
direction of the current bus transaction, and is stable from 
when ALE is High until the bus transaction ends. When the 
DTC is not in control of the system bus and the extejrial 
system is transferring information to or from the DTC, R/W is 
a status input used by the DTC to determinejf data is 
entering or leaving on the AD -AD-| 5 bus during DS time. In 
such a case, Read (High) indicates that the system is 
requesting data from the DTC and Write (Low) indicates that 
the system is presenting data to the DTC. There are no 
timing requirements between R/W as an input and the DTC 
clock; transitions on R/W as an input are only defined 
relative to DS. When the DTC is in control of the system bus, 
R/W is an output generated by the DTC, with Read 
indicating that data is being requested from the addressed 
location or device, and Write indicating that data is being 
presented to the addressed location or device. Flyby DMA 
operations are a special case where R/W is valid for the 
normally addressed memory or peripheral locations and 
must be interpreted in reverse by the Flyby peripheral that 
uses it. 

TBEN. Transmit Buffer Enable (output, open drain, active 
Low). When DTC is a bus master, a Low on this output 
indicates that the data is being transferred through the buffer 
from the DTC to the data bus lines. The purpose of this signal 
is to eliminate bus contention. When DTC is not in control of 
the system bus, these pins float to 3-state OFF. 



WAIT. Wait (input, active 



Slow memories and 



pe riphera l devices may use WAIT to extend DS and RBEN 
or TBE N dur ing operation. Unlike the CS input, transitions 
on the WAIT input must meet certain timing requirements 
relative to the DTC clock. The Wait function may be disabled 
using a control bit in the Master Mode register (MM2). 
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REGISTER DESCRIPTION 



The Z8516 DTC block diagram (Figure 1) illustrates the 
internal registers. Table 1 lists each register with its size and 
read/write access restrictions. Registers which can be read 
by the CPU are either fast (F) or slow (S) readable. Fast 
registers can be read by a normal CPU I/O operation without 
additional wait states. Reading slow registers requires 
multiple wait states. Registers can be written (W) to by the 



host CPU and/or can be loaded by the DMA channel itself 
during chaining (C). All reads or writes must be word 
accesses since, in slave mode, the DTC ignores the B/W 
line. It is the responsibility of the user to supply the 
necessary external logic if slow readable registers are to be 
read. 



Table 1 . DTC Internal Registers 





Bit 




Access 


Port Address 


Name 


Size 


Number 


Type 


CH-1/CH-2 


Master Mode Register 


4 




FW 


38 


Pointer Register 


6 




FW 




Chain-Control Register 


10 




C 




Temporary Register 


16 




D 




Command Register 


8 




W 


2E/2C* 


Current Address Register— A: 










Upper- Address/Tag field 


14 


2 


CFW 


1A/18 


Lower-Address field 


16 


2 


CFW 


OA/08 


Current Address Register— B: 










Upper- Address/Tag field 


14 


2 


CFW 


12/10 


Lower-Address field 


16 


2 


CFW 


02/00 


Base Address Register— A: 










Upper-Address/Tag field 


14 


2 


CFW 


1E/1C 


Lower-Address field 


16 


2 


CFW 


0E/0C 


Base Address Register— B: 










Upper-Address/Tag field 


14 


2 


CFW 


16/14 


Lower-Address field 


16 


2 


CFW 


06/04 


Current Operation Count 


16 


2 


CFW 


32/30 


Base Operation Count 


16 


2 


CFW 


36/34 


Pattern Register 


16 


2 


CSW 


4A/48 


Mask Register 


16 


2 


CSW 


4E/4C 


Status Register 


16 


2 


F 


2E/2C 


Interrupt Save Register 


16 


2 


F 


2A/28 


Interrupt Vector Register 


8 


2 


CSW 


5A/58 


Channel Mode Register— High 


5 


2 


cs 


56/54 


Channel Mode Register— Low 


16 


2 


CSW 


52/50 


Chain Address Register 










Upper-Address/Tag field 


10 


2 


CFW 


26/24 


Lower- Address field 


16 


2 


CFW 


22/20 


Access Codes. C = Chain Loadable 


S = Slow Read 


able 




D = Accessible by DTC channel 


W = Writeablet 


3yCPU 




F = Fast Readable 









NOTE. The address of the register to be accessed is stored in the Pointer register 

*The port addresses of the Command register can be used alternately for both channels except when issuing a Set/Clear IP command 
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The internal registers are read or written in two steps. When 
the P/D input is High, the address of the register to be 
accessed is written to the Pointer register. When P/D input is 
Low, the data is read from or written into the desired register 
which is indicated by the Pointer register. Note that a read 
with P/D High causes the contents of the Pointer register to 
be read on ADi through AD6. 

The DTC registers can be categorized into chip-level 
registers and channel-level registers. 

Chip-Level Registers 

Chip-level registers are duplicated for each channel and 
control the overall operation and configuration of the DTC. 

The five chip-level registers are: 

■ Master Mode 

selects the way the DTC chip interfaces to the system 

■ Pointer 

written to by the host CPU when the P/D input is High. 
The data in the Pointer register is the address of the 
internal register to be accessed 

■ Chain Control 

used by a channel while it is reloading its channel-level 
registers from memory 

■ Temporary 

used to hold data for Flowth rough Transfer/Transfer-and- 
Searches 

■ Command 

written to by the host CPU to initiate certain operations 
within the DTC chip, such as resetting the unit 

Master Mode Register. The 4-bit Master Mode register 
(Figure 5) controls the chip-level interfaces. It can be read 
from and written to by the host CPU through pins ADq-AD 3 
without wait states, but it is not loadable by chaining. On a 
reset, the Master Mode register is cleared to all zeroes. 



I MM3 I MM2 I MM1 I MMO I 



CHIP ENABLE 

CPU INTERLEAVE ENABLE 

WAIT LINE ENABLE 

NO VECTOR ON INTERRUPT 



Figure 5. Master Mode Register 

The Chip Enable bit, when set to 1 , enables the DTC to 
request the bus. When enabled, the DTC can perform DMA 
Operations and reload registers. It can always issue 
interrupts and respond to interrupt acknowledges. When 
the Chip Enable bit is cleared to 0, the DTC is inhibited from 
requesting control of the system bus and, therefore, 
inhibited from performing chaining or DMA operations. 



The CPU Interleave bit enables interleaving between the 
CPU and the DTC. 

The Wait Line Enable bit enables sampling of the WAIT line 
during Memory and I/O transactions. Because the DTC 
provides the ability to insert software progra mmab le wait 
states, users may disable sampling of the WAIT pin to 
eliminate the logic driving this pin. The Wait Line Enable bit 
provides this flexibility. The Wait States section of this 
document includes details on wait state insertion. 

The No Vector on Interrupt bit selects whether the DTC 
channel or a peripheral returns a vector during interrupt 
acknowledge cycles. When this bit is cleared, a channel 
receiving an interrupt acknowledge drives the contents of its 
Interrup t Save register onto the AD0-AD-15 data bus while 
INTACK is Low. If this bit is set, interrupts are serviced in an 
identical manner, but the AD0-AD15 data bus remains in a 
high impedance state throughout the acknowledge cycle. 

Pointer Register. The Pointer register contains the address 
of the internal register to be accessed. It can be read or 
written by the CPU when the P/D line is High. 

Chain Control Register. When a channel starts a chaining 
operation, it fetches a Reload word from the memory 
location pointed to by the Chain Address register (Figure 
11). This word is then stored in the Chain Control register. 
The CPU cannot read to or write from the Chain Control 
register. Once a channel starts a chain operation, the 
channel will not relinquish bus control until all regi sters 
specified in the Reload word are reload ed un less an EOP 
signal is issued to the chip. Issuing an EOP to a channel 
during chaining prevents the chain operation from resuming 
and allows the contents of the Reload Word register to be 
discarded. 

Temporary Register. The Temporary register is used to 
store data during Flowth rough transfers and to hold data 
being compared during a Search or a Transfer-and-Search. 
The CPU cannot read to or write from the Temporary 
register. In byte-word funnelling, data may be loaded into or 
out of the Temporary register on a byte-by-byte basis, with 
bytes moving between the low byte of the data bus and the 
high byte of the Temporary register. The Transfer section 
carries further details. 

Command Register. The DTC Command register (Figure 
25) is an 8-bit write-only register written to by the host CPU. 
The Command register is loaded from the data on AD 7 -AD ; 
the data on AD-15-AD8 is disregarded. A complete 
discussion of the commands is given in the Command 
Descriptions section. 

Channel-Level Registers 

Each of the DTC's two channels has a complete set of 
channel-level registers (Figure 6), which can be divided into 
two subcategories: General Purpose and Special Purpose. 
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SPECIAL-PURPOSE CHANNEL REGISTERS 

Figure 6. Channel-Level Registers 



General Purpose Registers 

The general purpose registers are: 

■ Current Address Register A (ARA) 
a Current Address Register B (ARB) 

■ Base Address Register A (ARA) 

■ Base Address Register B (ARB) 

■ Current Operation Count 

■ Base Operation Count 

■ Channel Mode 

Current and Base Address Registers A and B. The 

Current Address registers A and B (Current ARA and ARB) 
are used to point to the source and destination addresses for 
DMA operations. The contents of the Base Address 
registers A and B (Base ARA and ARB) are loaded into the 



Current ARA and ARB registers at the end of a DMA 
operation if the user enables Base-to-Current reloading in 
the Completion Field of the Channel Mode register. This 
facilitates DMA operations without reloading of the Current 
registers. The ARA and ARB registers can be loaded during 
chaining, can be written to by the host CPU without wait 
states, and can be read by the CPU 

Each of the Base and Current ARA and ARB registers 
consists of two words organized as a 6-bit Tag Field and an 
8-bit Upper Address in one word and a 16-bit Lower 
Address in the other (Figure 7). The Tag Field selects 
whether the address is to be incremented, decremented, or 
left unchanged, as well as the status codes associated with 
the address. The Tag Field also allows the user to insert 0, 1 , 
2, or 4 wait states into memory or I/O accesses addressed 
by the offset and segment fields. 
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ADDRESS REFERENCE FIELD — ! 

00 = SYSTEM I/O 

01 = SYSTEM MEMORY 

10 = NORMAL I/O 

11 = NORMAL MEMORY 



■ ADDRESS CONTROL FIELD 

00 = INCREMENT ADDRESS 

01 = DECREMENT ADDRESS 
1X = HOLD ADDRESS 

- WAIT CONTROL FIELD 

00 = WAIT STATES 

01 = 1 WAIT STATES 

10 = 2 WAIT STATES 

11 =4 WAIT STATES 



15 8 


7 6 5 4 3 2 


1 


UPPER ADDRESS (Ai 6 -A 22 ) 


i r0\Vi i i 


: ^ 


LOWER ADDRESS (A -A 15 ) 



Figure 7. Address Registers A and B 
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- MATCH CONTROL FIELD (CM16-17) 

- PULSED DACK(CM18) 

- HARDWARE REQUEST MASK (CM19) 

- SOFTWARE REQUEST (CM20) 
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- DATA OPERATION FIELD (CM0-CM3) 



- FLIP BIT (CM4) 

(0) - ARA = src, ARB = dst 

(1) - ARA = dst, ARA = src 

- TRANSFER TYPE FIELD (CM5-6) 



Figure 8. Channel Mode Register 



The Address Reference Select Field in the Tag Field selects 
whether the address pertains to memory space or I/O 
space. Note that the N/S output pin may be either High 
(indicating Normal) or Low (indicating System) At the end of 
each iteration of a DMA Operation, the user selects to 
increment, decrement, or leave the address unchanged. I/O 
addresses, if changed, are always incremented/ 
decremented by 2. Memory addresses are changed by 1 if 
the address points to a byte operand (as programmed in the 
Channel Mode register's Operation field) and by 2 if the 
address points to a word operand. For word operands, the 
address must be even to avoid unpredictable results. An 
even or odd address may be used to point to a byte 
operand. Since memory byte operand addresses 
increment/decrement by 1 , they toggle between even and 
odd values. Since I/O byte operand addresses 
increment/decrement by 2, once programmed to an even or 
an odd value, they remain even or odd, allowing 
consecutive I/O operations to access the same half of the 
data bus. High bus is for even address; low bus is for odd. 

Current and Base Operation Count Registers. Both the 
Current and Base Operation Count registers may be loaded 
during chaining, and may be written to, and read from, by 
the host CPU. 

The 16-bit Current Operation Count register is used to 
specify the number of words or bytes to be transferred- 
and-searched. For word-to- word operations and byte-word 



funnelling, the Current Operation Count register must be 
programmed with the number of words to be transferred or 
searched. 

Each time data is transferred or searched, the Operation 
Count register is decremented by 1 . Once all of the data is 
transferred or searched: the transfer or search operation 
stops, the Current Operation Count register contains all 
zeroes, and the TC bit in the Status register is 1 . If the transfer 
or search stops before the Current Operation Count register 
reaches 0, the contents of the register indicate the number of 
bytes or words remaining to be transferred or searched. This 
allows a prematurely stopped channel to be restarted where 
it left off without requiring reloading of the Current Operation 
Count register. 

For byte-to-byte operations, the Current Operation Count 
register should specify the number of bytes to be transferred 
or searched. Setting the Current Operation Count register to 
0000 allows the maximum number of 64K bytes to be 
specified. 

Channel Mode Registers. The Channel Mode registers 
are two words wide. There are 21 bits defined in each 
Channel Mode register; the other 11 bits are unused. 
(Figure 8). The Channel Mode registers may be loaded 
during chaining and may be read by the host CPU. CPU 
reads of the Channel Mode register are slow reads and 
require insertion of multiple wait states. The Channel Mode 
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low word (bits 0-15) may be written to directly by the host 
CPU. The Channel Mode register selects what type of DMA 
operation the channel is to perform, how the operation is to 
be executed, and what action, if any, is to be taken when the 
channel finishes. 

The Data Operation Field and the Transfer Field select the 
type of operation the channel is to perform and the operand 
size of bytes or words. The possible bit combinations and 
their interpretation are given in Table 2. The Flip bit is used to 
select whether the Current ARA points to the source and the 
Current ARB points to the destination, or vice-versa. The 
types of operations are described in detail in the DMA 
operations section. 

Table 2. Channel Mode Coding 



Data Operation Field 




Operand Size 


Transaction 


Code 


} ARA 


ARB 


Type 




Transfer 




0001 


Byte 


Byte 


Flowthrough 


100X 


Byte 


Word 


Flowth rough 


0000 


Word 


Word 


Flowthrough 


0011 


Byte 


Byte 


Flyby 


0010 


Word 


Word 


Flyby 




Transfer-and-Search 


0101 


Byte 


Byte 


Flowthrough 


110X 


Byte 


Word 


Flowthrough 


0100 


Word 


Word 


Flowthrough 


0111 


Byte 


Byte 


Flyby 


0110 


Word 


Word 


Flyby 




Search 




1111 


Byte 


Byte 


N/A 


1110 


Word 


Word 


N/A 


101X 


Illegal 






Match Control Field/Transfer Type 


Code 


Match Control 


Transfer Type 


00 


Stop on No Match 




Single Transfer 


01 


Stop on No Match 




Demand (Bus Hold) 


10 


Stop on Word Match 


Demand (Bus Release) 


11 


Stop on Byte Match 


Demand Interleave 



The Completion Field defines the action taken by the 
channel at the end of a DMA operation. This field is 
discussed in the Completion Options section. 

The 2-bit Match Control Field selects whether matches use 
an 8-bit or 16-bit pattern and whether the channel is to 
Stop-On-Match or Stop-On-No-Match. See Table 2 and the 
Search section for details. 

The Software Request bit and Hardware Mask bit can be set 
and cleared by software command by loading the Channel 
Mode register. These bits are described in detail in the 
Initiating DMA Operations section. 



X = Don't care 



The DACK Control bit is used to specify when the PA CK pin 
is driven active. When this bit is cleared, the channel's DACK 
pin is active whenever the channel is performing a DMA 
Operati on, reg ardless of the type of transaction. If this bit is 
set, the DACK pin is inactive during chaining, Flowthrough 
Transfers, Flowthrough Transfer-and-Searches, and 
Searches. It is pulsed active during Flyby Transfers and 
Flyby Transfers-and-Searches when necessary to strobe 
data into or out of the Flyby peripheral. Flyby operations are 
discussed in detail in the Flyby Transactions section. 

Special Purpose Registers 

The special-purpose registers are: 

■ Pattern and Mask 

■ Status 

■ Interrupt Save 

■ Interrupt Vector 

■ Chain Address 

Pattern and Mask Registers. The 1 6-bit Pattern and Mask 
registers are used in Search and Transfer-and-Search 
operations. Both the Pattern and Mask registers may be 
loaded by chaining, and may be written to, and read from, 
by the host CPU (provided wait states are inserted since 
these registers are slow readable). The Pattern register 
contains the pattern which is compared to the read data. 
Setting a Mask register bit to 1 specifies that the bit always 
matches. The Search and Transfer-and-Search sections 
include further details. 

Status Register The two 16-bit Status registers, depicted 
in Figure 9, are read-only registers which the CPU can read 
without wait states. Each of these registers reports on the 
status of its associated channel. 
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Figure 9. Status Register 
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The Interrupt Status Field contains the Channel Interrupt 
Enable (CIE) and Interrupt Pending (IP) bits. These bits are 
described in detail in the Interrupt section of this document. 

The DTC Status Field's four bits are the Second Interrupt 
Pending (SIP), Waiting For Bus (WFB), No Auto-Reload or 
Chain (NAC), and Chain Abort (CA) bits. These bits reflect 
the current channel state and are accessible to the CPU. 

When the channel has been properly initialized and is 
waiting for a command from the host CPU, all four of these 
bits are set to 0. If the channel requires access to the bus to 
carry out a DMA o peration, it sets the WFB bit. Whether the 
channel also sets BUSREQ Low depends on the setting of 
M MO, the Chip Enable bit, and the current status of the bus. 

If a channel completes a DMA operation and neither 
base-to-current reloading nor auto-chaining was enabled, 
the NAC is set. This bit is reset if the channel receives a Start 
Chain command. 

When two interrupts are queued in the channel, the SIP bit is 
set, which prohibits any further activity until an Interrupt 
Acknowledge clears this bit. 

Both CA and NAC bits are set by an EOP signal during 
chaining or if a Reset command is issued to the DTC. The CA 
bit is cleared when a new Chain Address Segment/Tag word 
or Offset word is loaded into the Channel's Address 
registers. NAC cannot be cleared until CA is cleared. 

The Hardware Interfac e Field 's Hardware Reques t (HRQ ) bit 
monitors the channel's DREQ input pin. When the DREQ pin 
is Low, the HRQ bit is set to 1 ; when the DREQ pin is High, 
the HRQ pin is cleared to 0. The Hardware Mask (HM) bit, 
when s et, prevents the DTC from responding to a Low on 
DREQ. Note, however, that the Hardwa re Req uest bit always 
reports the true (unmasked) status of DREQ regardless of 
the setting of the HM bit. 

The Completion Field indicates why the most recent DMA 
operation ended. New data is loaded into these bits 
overwriting, and thereby erasing, the old setting. Three bits 
indicate whether the DMA operation ended as a result of a 
terminal count (TC), match condition (MC), or 
end-of-process (EOP) termination. If the DMA operation 
ended as a result of the Operation Count reaching 0, this is a 



TC termination and STO, the TC bit, is set to 1 . The MC bit is 
set to 1 if an MC termination occurred because the match 
condition has been met, regardless of whether 
Stop-On-Match or Stop-On-No-Match was s elected. The 
EOP bit is set to 1 only when an ext ernal EOP ends a DMA 
transfer; it is not set to 1 for an EOP issued during chaining. 
Note that two, or even all three bits, may be set if multiple 
reasons exist for ending the DMA operation. The MCH and 
MCL bits report on the match state of the upper and lower 
comparator bytes respectively. These bits are set to 1 when 
the associated comparator byte has a match and are reset 
otherwise, regardless of whether Stop-On-Match or 
Stop-On-No-Match is programmed. Regardless of the DMA 
operation performed, these bits determine which byte 
matched or did not match when using 8-bit matches with 
word searches and transfer-and-searches. 

The three reserved bits return 0s during reads. 

Interrupt Vector and Interrupt Save Registers. Each 
channel has an Interrupt Vector register and an Interrupt 
Save register. The Interrupt Vector is 8 bits wide and is written 
to, and read from, on AD0-AD7. The Interrupt Vector register 
contains the vector or identifier to be output during an 
Interrupt Acknowledge cycle. When an interrupt occurs 
(IP = 1) eithe r because a DMA operation terminated or 
because EOP was driven Low during chaining, the contents 
of the Interrupt Vector register and part of the Channel Status 
register are stored in the 16-bit Interrupt Save register 
(Figure 10). The Interrupt Save register is read without wait 
states by the CPU. 

With the vector and status safely stored, a new vector can be 
loaded into the Interrupt Vector register during chaining and 
a new DMA operation can be performed before an interrupt 
acknowledge cycle occurs. A second interrupt suspends 
activity in the channel until one of the bits is cleared. 

As soon as the first clear IP command is issued, the status 
and vector for the second interrupt are loaded into the 
Interrupt Save register and channel operation resumes. The 
DTC can retain only two interrupts for each channel; a third 
operation cannot be initiated until the first interrupt has been 
cleared. The Interrupt section has further details. 
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Figure 10. Interrupt Save Register 
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Chain Address Register. Each channel has a Chain 
Address register which points to the chain control table in 
memory containing data to be loaded into the channel's 
registers. The Chain Address register, as shown in Figure 
1 1 , is two words long. The first word consists of an Upper 
Address and Tag field. The second word contains the 1 6-bit 
Lower Address portion of the memory address. The Tag field 
contains 2 bits used to designate the number of wait states to 
be inserted during accesses to the Chain Control Table. 

The Chain Address register may be loaded during chaining 
and the host CPU, without wait states, may read from and 
write to it. During chaining, if an EOP is issued to the DTC, 
the Chain Address register holds the old address. This is 
true even if the access failure occurred while new Chain 
Address data was being loaded, since, unless both words of 



the new data are successfully read, the old data is restored. 
EOPs that occur, when chaining and while loading a new 
Chain Address, cause the new data to be lost. 
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Figure 1 1 . Chain Address Register 



FUNCTIONAL DESCRIPTION 

Any DMA operation, transfer, search, or transfer-and- 
search, consists of three phases: 

■ The channel's registers are initialized to specify and 
control the desired DMA operation. 

■ The DMA operation is started and performed. 

■ The DMA operation is terminated and actions selected to 
occur on termination are performed. 

Reset 

Either hardware or software can reset the DTC. The software 
reset command is described in the Co mmand s section. 
Hardware resets are applied by pulling RESET Low. The 
DTC may be in control of the bus when a reset is applied. BAI 
is removed internally causing the outputs to go 3-state. If BAI 
remains High after reset, the DTC does not drive the bus 
unless BUSREQ is active. As soon as BAI goes inactive, tine 
DTC places the AD -AD 1 5 , AD 16 -AD2 3) R/W, DS, N/S, M/IO, 
B/W, TBEN and RBEN signals in the high impedance state. 

Both software and hardware resets clear the Master Mode 
register to all 0s, clear the CIE, IP, and SIP bits to 0, and set 
the CA and NAC bits to 1 in each Channel's Status register. 
The contents of all other DTC registers will be unchanged by 
a software reset. Since a hardware reset may have been 
applied during a DMA operation being performed by the 
DTC channel, the channel's registers may contain 
indeterminate data following a hardware reset. 

The Master Mode register contains all 0s after a reset. The 
DTC is disabled and the CPU interleave and hardware wait 
are inhibited. 

Because the CA and NAC bits in the Status register are set to 
1 by a reset, the channel is prevented from starting a DMA 
operation until its Chain Address register's Segment Tag and 
Offset fields are programmed and the channel is issued a 
Start Chain Command. 



Channel Initialization 

The Z851 6 DTC operates with a minimum of interaction with 
the host CPU. This goal is achieved by having the DTC load 
its own control parameters from memory into each channel. 
The CPU has to program only the Master Mode register and 
each Channel's Chain Address register. All other registers 
are loaded by the channels themselves from a table located 
in the System memory space and pointed to by the Chain 
Address register. This reloading operation is called chaining 
and the table is called the Chain Control Table (Figure 1 2). 
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Figure 12. Chaining and Chain Control Tables 
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The Upper and Lower Address fields of the Chain Address 
Register form a 24-bit address which points to a location in 
system memory space. Chaining is performed by 
repetitively reading words from memory. Note that the Chain 
Address register should always be loaded with an even 
Address; loading an odd Address causes unpredictable 
results. The 2-bit Tag field facilitates interfacing to slow 
memory by allowing the user to select 0, 1, 2, or 4 
programmable wait states. During chaining, the DTC 
automatically inserts the programmed number of wait states 
in each memory access. 

The Chain Address register points to the Reload Word, the 



first word in the Chain Control Table. The purpose of the 
Reload Word is to specify which registers in the channel are 
to be reloaded. Reload Word bits 10-15 are undefined and 
may be or 1 . Reload Word bits through 9 correspond to 
either one or two registers in the channel (Figure 13). When 
a Reload Word bit is 1 , the register(s) corresponding to that 
bit are to be reloaded; if 0, the register(s) corresponding to 
that bit are not to be reloaded. The data to be loaded into the 
selected register(s) follow(s) the Reload Word in memory 
(i.e., the data is stored at successively larger memory 
addresses). The Chain Control Table is a variable length 
table; the data is packed together. 
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CHAIN ADDRESS (2 WORDS) 
CHANNEL MODE (2 WORDS) 
INTERRUPT VECTOR (1 WORD) 
PATTERN AND MASK (2 WORDS) 
BASE OP-COUNT (1 WORD) 

- BASE ARB (2 WORDS) 

- BASE ARA (2 WORDS) 

■ CURRENT OP-COUNT (1 WORD) 

- CURRENT ARB (2 WORDS) 

- CURRENT ARA (2 WORDS) 



Figure 13. Reload Word/Chain Control Register 



When the channel is to reload itself, it first uses the Chain 
Address register's contents to load the Reload Word into the 
DTC's Chain Control register. Next, the Chain Address 
register's contents are incremented by two to point to the 
next word in memory. The channel then scans the Reload 
Word register from bit 9 down to bit to see which registers 
are to be reloaded. If no registers are specified (bits 9-0 are 
all 0), no registers are reloaded. If at least one of bits 9-0 are 
set to 1, the register(s) corresponding to the set bit are 
reloaded, the bit is cleared, and the Chain Address register 
is incremented by 2. The channel continues this operation of 
scanning the bits from the most significant to least significant 
bit position, clearing each set bit after reloading its 
associated registers, and incrementing the Chain Address 
register by 2. If all of bits 9 to are set, all the registers will be 
reloaded in order beginning with Current ARA and ending 
with Chain Address. Figure 14 shows examples of Chain 
Control Tables. Example 14a shows the ordering of data 
when all registers are to be reloaded. In example 14b, only 
some registers are reloaded. Once the channel is reloaded, 
it is ready to perform a DMA operation. When loading 
address registers, the Upper Address and Tag word are 
loaded before the Lower Address word. 
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Figure 14. Chain Control Tables 
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Initiating DMA Operations. DMA operations can be 
initiated by: 

■ Software request 

■ Hardware request 

■ Starting after chaining 

Software Requests. The CPU can issue Software Request 
commands to start DMA Operations on a channel. The 
channel must then request control of the bus and perform 



transfers. See the description of the Software Request 
command for details. 



Hardware Requests. 

forcing a channel's 



DMA o perations can be started by 
DREQ input Low. The Channel 



Response describes w hen t he Low DREQ signals are 
sampled and when the DREQ requests can be applied to 
start the next DMA operation after chaining (Figures 1 5 and 
16). 



READ OR FLYBY DMA ITERATION | | LAST ACCESS OF DMA ITERATION 
-T! H-« T 2 // T WA or T 2 — H-« T 3 - 




NOTES: 1 HIGH-to-LOW DREQ transitions will only be recognized after the HIGH-to-LOW 
transition of the clock during Ti of a read or flyby DMA iteration. 
2 A HIGH-to-LOW DREQ transition must meet the conditions in Note 1 and TsDRQ(c) 
must occur before state T3 of the last access of the DMA iteration if the channel is to 
retain bus control and immediately start the next iteration. DREQ may go HIGH 
before TsDRQ(c) if it has met the TwDRQ parameter. 
3. Flyby and Search transactions have only a single access; parameter TsDRQ(c) 
should be referenced to the start of T3 of the access All other operations will always 
have two or three accesses per iteration. 

See Appendix D for timing parameters 

'State Tip is a pseudo-Ti state, without active AS generated following termination of any 
DMA operation. 

Figure 15. Sampling DREQ During Single Transfer DMA 
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Starting After Chaining. If the software request bit of the 
Channel Mode register is loaded with a 1 during chaining, 
the channel performs the programmed DMA operation at 
the end of chaining. If the channel is programmed for Single 
Operation or Demand mode, it performs the operation 
immediately. The channel gives up the bus after chaining 
and before the operation if the CPU interleave bit in the 
Master Mode register is set. See the Channel Response 
section for details. Note that once a channel starts a 
chaining operation by fetching a Reload Word, it retains bus 
control at least until all of the registers specified in the Reload 
Word have been loaded from memory. 

Bus Request/Grant 

Before the DTC can perform a DMA Operation, it must gain 
control of the system bus. The BUSREQ and BAI interface 
pins provide connections between the DTC and the host 
CPU and other devices, if present, to arbitrate which device 
has control of the system bus. When the DTC wants to gain 
bus control, it drives BUSREQ High. 

After the DTC drives BUSREQ High, the CPU relinquishes 
bus control and drives its bus acknowledge signal Low. 
When the DTC's BAI input goes High, it may begin 



performing operations on the system bus. When the DTC 
finishes its operation, it stops driving BUSREQ High. 

When more than one device is used, a priority encoder/ 
decoder or hardware daisy-chain encoder and a priority 
decoder are used to decide the bus grant priority. 

DMA Operations 

There are three types of DMA operations: Transfer, Search, 
and Transfer-and-Search. Transfers move data from a 
source location to a destination location. Two types of 
transfers are provided: Flowthrough and Flyby. Searches 
read data from a source and compare the read data to the 
contents of the Pattern register. A Mask register allows the 
user to declare "don't care" bits. 

The user can program the search to stop either when the 
read data matches the masked pattern (Stop-On-Match) or 
when the read data fails to match the masked pattern 
(Stop-On-No-Match). Transfer-and-Search combines the 
two functions to facilitate the transferring of variable length 
data blocks. Like Transfer, Transfer-and-Search can be 
performed in either Flowthrough or Flyby mode. 
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(A) Sampling of DREQ While in Bus Hold Mode 



LAST ACCESS OF 



DRlQ 




(B) DREQ Sampling in Demand Mode During DMA Operations 




(C) Sampling DREQ at the End of Chaining 



DREQ 




(D) Sampling DREQ at End of Base-to-Current Reloading 

NOTES: 1 . DREQ must be LOW from the start of T s DRQ(c) to the end of ThDRQ(c) to ensure that the request is recognized. Failure to meet this setup time will result 
in the channel releasing the bus. 

2. T s is a setup state, generated before entering DMA operation cycle. 

3. Tau2. Tau3< and Tau4 are auto-reload states, followed by TCD (chain decision) state. 



Figure 16. DREQ Sampling Demand Mode 



Transfers. The transfer operation uses four channel 
registers: 

■ Current ARA 

■ Current ARB 

■ Current Operation Count 

■ Channel Mode 

Channel Mode register bit CM4 is called the Flip bit and is 
used to select whether Current ARA is to point to the source 
and Current ARB is to point to the destination or whether 
Current ARA is to point to the destination and Current ARB is 



to point to the source. The Current Operation register 
specifies the number of words or bytes to be transferred. 

Bits CM3-CM0 in the Channel Mode register program 
whether a Flowthrough or Flyby transfer is to be performed 
in either two or three steps. First, the channel outputs the 
address of the source and reads the source data into the 
DTC's Temporary register. In two-step Flowthrough Transfer, 
the channel then addresses the destination and writes the 
Temporary register data to the destination location. The 
three-step Flowthrough operation (i.e. the byte-word 
funnelling) is described later in this section. The source and 
destination for Flowthrough Transfers can be memory 
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locations, peripheral de vices, o r a memory location and a 
peripheral device. The DACK output for the transferring 
channel may be programmed to be inactive or active during 
the transfer. This is controlled by bit CM-is ' n the Channel 
Mode register. 

Flyby transfers provide improved transfer throughput over 
Flowth rough but are restricted to transfers between memory 
and peripherals or between two peripherals. Flyby 
operations are described in detail in the Flyby Transactions 
section. 

Transfers can use both byte- and word-sized data. 
Flowthrough byte-to-byte transfers are performed by 
reading a byte from the source and writing a byte to the 
destination. The Current Operation Count register must be 
loaded with the number of bytes to be transferred. Both the 
Current ARA and ARB registers, if programmed to 
increment/decrement, will change by 1 if the register points 
to a memory space (TG6 = 2) and by 2 if the register points 
to an I/O space (TG6 = 0). 

Flowthrough word-to- word transfers require that the Current 
Operation Count specify the number of words to be 
transferred. Both the Current ARA and ARB registers, if 
programmed to increment/decrement, will change by 2 
regardless of whether the register points to a memory or an 
I/O space. 

Byte-word funnelling provides packing and unpacking of 
byte data to facilitate high speed transfers between byte and 
word peripherals and/or memory. This funnelling option can 
only be used in Flowthrough mode. Funnelled Flowthrough 
transfers are performed in three steps. For transfers from a 
byte source to a word destination, two consecutive byte 
reads are performed from the source address. The data 
read is assembled into the DTC's Temporary register. In the 
third step, the Temporary register data is written to the 
destination address in a word transfer Funnelled transfers 
from a word source to a byte destination are performed by 
first loading a word from the source into the DTC's 
Temporary register. The word is then written out to the 
destination in two byte writes. For funnel operations, the 
byte-oriented address must be in the Current ARA register 
and the word-oriented address must be in the Current ARB 
register. The Flip bit (CM4) in the Channel Mode register is 



used to specify which address is the source and which is the 
destination. When the byte address is to be incremented or 
decremented, the increment/decrement operation occurs 
after each of the two reads or writes. The Current Operation 
Count Register must be loaded with the number of words to 
be transferred. 

In byte-to-word funnelling operations it is necessary to 
specify which half of the Temporary register is written out 
first. Table 3 summarizes these characteristics for both 
byte-to-word and word-to-byte funnelling operations. The 
criteria to determine the packing/unpacking order is based 
on whether the Current ARB register is programmed for 
incrementing or decrementing of the address. Note that if 
the address is to remain unchanged (i.e. if bit TG4 on the Tag 
Field of the Current ARB register is 1), the increment/ 
decrement bit (bit TG3) still specifies the packing order. 

Search. Searches use five of the Channel registers: 

■ Current ARA 

■ Current ARB 

■ Operation Count 

■ Pattern and Mask 

■ Channel Mode 

Channel Mode register bit CM4 is called the Flip bit and is 
used to select either Current ARA or Current ARB as the 
register specifying the source for the search. Only one of the 
Current Address registers is used for search operations 
since there is no destination address required. The Current 
Operation Count register specifies the maximum number of 
words or bytes to be searched. 

Search operations involve repetitive reads from the 
peripheral or memory until the specified match condition is 
met The search then stops This is called a Match Condition 
or MC termination. Each time a read is performed, the 
Source address, if so programmed, is incremented or 
decremented by 1 . If the match condition has not been met 
by the time the Operation Count reaches 0, the value 
forces a TC termination, ending the search. Sear ches can 
also stop due to a Low being applied to the EOP in terface 
pin. During a search operation, the channel's DACK output 



Table 3. Byte/Word and Word/Byte Funneling 



Funneling 
Direction 


Current ARB 
Tag Field 


Increment/Decrement and 
Packing/Unpacking Rules 




TG 4 


TG 3 




Word-to-Byte 
(Flip Bit = 1) 




1 
1 



1 


1 


Incremnt ARB, Write High Byte First 
Decrement ARB, Write Low Byte First 
Hold ARB, Write High Byte First 
Hold ARB, Write Low Byte First 


Byte-to-Word 
(Flip Bit =0) 





1 
1 




1 



1 


Increment ARB, Read High Half of Word First 
Decrement ARB, Read Low Half of Word First 
Hold ARB, Read High Half of Word Written First 
Hold ARB, Read Low Half of Word Written First 



N 

00 
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will be either inactive or active throughout the search. This is 
controlled by bit CM -is in the Channel Mode register. The 
peripheral or memory reads performed during search follow 
the timing sequences described in the Flowthrough 
Transactions sections. 

On each read during a Search operation, the DTC's 
Temporary register is loaded with data and compared to the 
Pattern register. The user can select whether the search is to 
stop when the Pattern and Temporary register contents 
match or when they do not match. This Stop-On- Match/ 
Stop-On-No-Match feature is programmed in bit CM-| 7 of the 
Channel Mode register. CM2 is an enable for the output of 
the comparator and allows the MC signal to be generated. A 
Mask register allows the user to exclude, or mask, selected 
Temporary register bits from the comparison by setting the 
corresponding Mask register bit to 1. The masked bits 
always are defined to match. Thus, in Stop-On-Match, 
successful matching of the unmasked bits, in conjunction 
with the always-matched masked bits, causes the search to 
stop. For Stop-On- No- Match, the always-matched masked 
bits are, by definition, excluded from not matching and 
therefore excluded from stopping the search. 

For word reads the user may select either 8-bit or 16-bit 
compares through Channel Mode register bit CM-ie- In an 
8-bit, Stop-On-Match, word-read operation, successful 
matching of either the upper or lower byte of unmasked 
Pattern and Temporary registers bits stops the search. Both 
types do not have to match. In 16-bit Stop-On-Match with 
word reads, all unmasked Pattern and Temporary register 
bits must match to stop the search. In an 8-bit or 16-bit, 
Stop-On-No-Match, word-read Search operation, failure of 
any bit to match terminates the Search operation. 

In an 8-bit Stop-On-Match with byte-reads, the Search stops 
if either the upper or lower byte of unmasked Pattern and 
Temporary register bits match. For an 8-bit Stop-On-No- 
Match with byte reads, failure of matching in any unmasked 
Pattern and Temporary register bit causes the search to 
stop. For 8-bit searches, the upper and lower bytes of the 
Pattern and Mask register should usually be programmed 
with the same data. Failure to set the upper and lower bytes 
of the Pattern and Mask registers to identical values results in 
different comparison criteria being used for the upper and 
lower bytes of the Temporary register. Users failing to 
program identical values for the upper and lower bytes can 
predict the results by recognizing that in 8-bit 
Stop-On-Match, the search ends if all the unmasked bits in 
either the upper or lower byte match, and for 8-bit 
Stop-On-No-Match, the failure of any unmasked bit to match 
ends the search. For word reads the Temporary register 
high and low bytes are loaded from ADs-AD-i 5 and AD0-AD7 
respectively. In byte reads, except in funnelling, the read 
byte is duplicated in both halves of the Temporary register. 



Transfer-and-Search. Transfer-and-Search combines the 
operations of the Transfer and the Search functions. The 
registers which control Transfer-and-Searches are: 

■ Current ARA 

■ Current ARB 

■ Operation Count 

■ Pattern and Mask 

■ Channel Mode 

A Transfer-and-Search operation ends when the data 
transferred meets the match condition specified in Channel 
Mode register bits CM 17 -CM-|6. The Mask and Pattern 
registers indicate those bits being compared with the 
Temporary register contents. Like Transfers and Searches, 
Transfers-and-Searches are also terminated if the operation 
count goes to or if a Low is applied to the EOP pin. 
Regardless of whether Transfer-and-Search stops because 
of a TC, MC, or EOP, it always completes the iteration by 
writing to the destination address before ending (writing 
twice for word-to-byte funnelling). 

In Flowthrough mode, the Transfer-and-Search timing is 
identical to Flowthrough Transfer. While the data is in the 
Temporary register, it is masked by the Mask register and 
compared to the Pattern register. For word Transfer and 
Transfer-and-Search, the high and low bytes of the 
Temporary register are always written to, and read from, 
AD8-AD-15 and ADq-AD 7 respectively. For byte Transfer and 
Transfer-and-Search, the byte read is always loaded into 
both halves of the Temporary register and the entire register 
is driven directly out onto the AD0-AD-15 bus. 
Transfer-and-Search can also be used with byte word 
funnelling. In funnelling, the match is an 8-bit match as 
determined by the setting of the bitCM-ie- 

Flyby Transfer-and-Search can be used to increase 
throughput for transfer between two peripherals or between 
memory and a peripheral. Memory-to-Memory Flyby is not 
supported. Also, in Flyby, the operand sizes of the source 
and destination must be the same; funnelling is not 
supported. A complete discussion of Flyby timing is given in 
the Flyby Transactions section. During a Flyby 
Transfer-and-Search, data is loaded into the Temporary 
register to facilitate the comparison operation and, at the 
same time, data is transferred from the source to the 
destination. When byte operands are used, data is loaded 
into both bytes of the Temporary register, from the AD8-AD-15 
bus if the Current ARA register is even, and from AD0-AD7 
line if the Current ARA register is odd. This alternates for 
memory bytes so the user must drive both halves of the bus 
to use the search. When word operands are used, data is 
loaded directly from AD8-AD-15 and ADq-AD 7 into the 
Temporary register's high and low bytes respectively. 
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Channel Response 

Channel Mode register bits CM 6 -CM 5 select the channel's 
response to the request to start a DMA operation. The 
response falls into either of two types: Single Operation or 
Demand. There are three subtypes for Demand operations: 
Demand Dedicated with Bus Hold, Demand Dedicated with 
Bus Release, and Demand Interleave. For Search 
operations, one iteration consists of a single read operation 
and a comparison of the read data to the unmasked Pattern 
register bits. The Operation Count is decremented by 1 and 
the Current Address register, if so programmed, is 
incremented or decremented. For Transfer and Transfer- 
and-Search operations, a single iteration comprises reading 
data from the source, writing it to the destination, comparing 
the read data to the unmasked Pattern register bits 
(Transfer-and-Search only), decrementing the Operation 
Count by 1, and incrementing/decrementing the Current 
ARA amd ARB registers if so programmed. In byte-word 
funnelling, a single iteration consists of two reads followed by 
a write (Byte-to-Word funnelling) or one read followed by two 
writes (Word-to- Byte funnelling). In all Transfer and 
Transfer-and-Search cases the iteration does not stop until 
the data in the Temporary register is written to the 
destination. (Appendix B). 

Single Operation. The Single Operation response is used 
with peripherals which transfer single bytes or words at 
irregular intervals. Each Software Request command 
causes the channel to perform a single iteration of the DMA 
operation. Similarly, if the Software Request bit is set by 
chaining, the channel performs a single iteration of the DMA 
operation at the end of chai ning. E ach application of a 
High-to-Low transition on the DREQ input also causes a 
single iteration of the DMA operation. If the hardware mask 
bit is set when the High to Low transition is made, the 
iteration is performed when the mask is cleared, providing 
the DMA operation has not terminated. See the Set/Clear 
Hardware Mask bit command in the Command section for 
details. Each time a Single Operation ends, the channel 
gives up co ntrol of the bus unless a new transition has 
occurred on DREQ. The new transition can occur anytime 
after the High-to-Low ALE transition of a read or Flyby 
memory or I/O access of the DMA iteration. Figure 1 5 shows 
the times after which a new transition can be applied and 
recognized to avoid giving up the bus at the end of the 
current iteration. 

Demand Dedicated With Bus Hold. In Demand 
Dedicated with Bus Hold (abbreviated Bus Hold), the 
application of a Software Request command, the setting 
during chaining of the software request bit, or applying a 
Low level on the DREQ input, causes the channel to acquire 
bus control. 



Once the channel gains bus control due to a Lo w DRE Q 
level, it samples DREQ as shown in Figure 16. If DREQ is 
Low, an iteration of the DMA operation is performed. If 
DREQ is High, the channel retains bus control and 
continues to drive all bus control signals active or inactive, 
but performs no DMA operation. Thus the user can start, o r 
stop, execution of DMA operations by modulating DREQ. 
Once TC, MC, or EOP occurs, the channel releases the bus, 
or, if chaining or Base-to-Current reloading is to occur, 
performs the desired operation. After chaining or 
Base-to-Current reloading, if the channel is still in Bus Hold 
mode and does not have a set Software Request bit (set 
either by chaining or co mmand ), the channel relinquishes 
bus control unless a Low DREQ level occurs within the time 
limits. 

Demand Dedicated With Bus Release. In Demand 

Dedicated with Bus Release (abbreviated Bus Release), a H 

Software Request command causes the channel to request gi 

the bus and performs the programmed DMA operation until JjJ 

TC, MC, or EOP occurs. If the channel was programmed for rZ 

Bus Release and the Software Request bit was set during g 

chaining, the channel starts the DMA operation as soon as O 
chaining ends, without releasing the bus, and continues 
performing the operation until TC, MC, or EOP occurs. 



If DACK is programmed as a level output (CM 18 = 0), DACK 
is active while the channel controls the bus. A Software 
Request causes the channel to request the bus and perform 
the DMA operations until TC, MC, or EOP occurs. 



When an active Low DREQ is applied to a channel 
programmed for Bus Release, the channel acquires the bus 
and pe rforms DMA operations until TC, MC, or EO P occu rs 
or until DREQ goes inactive. Figure 1 6 shows when DREQ is 
sampled to determine if the channel should perform another 
cycle or release the bus. Note that this sampling also occurs 
on the l ast cyc le of a chaining operation. If a channel has an 
active DREQ at the end of chaining, it performs DMA 
operations immediately, without releasing the bus. When a 
TC, MC, or EOP occurs terminating a Bus Release mode 
operation, the channel, if enabled for chaining and/or 
Base-to-Current Reloading, performs chaining and/or 
reloading (assuming the Status register's SIP bit is clear) 
without releasing the bus. 

If the SIP bit of Channel Mode register is set when a DMA 
termination occurs, the channel reliquishes the bus control 
until an Interrupt Acknowledge is received and the SIP bit is 
cleared. After an interrupt is serviced, the channel, if 
enabled for the termination, performs the Base-to-Current 
reloading and/or chaining. 

If an active request is not applied and the channel is in 
Demand Dedicated with Bus Hold, the channel goes into 
state THLD (Figure 16a). If an active request is not applied 
and the channel is in Demand Dedicated with Bus Release 
or Demand Interleave mode, it releases the bus. Note that 
even if an active request is applied in Demand Interleave, 
the channel may still release the bus. The request for 
Demand Interleave should continue to be applied to ensure 
that the channel eventually responds to the request by 
acquiring the bus (i.e. the request is not latched by the 
channel). 
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Demand Interleave. Demand Interleave behaves in 
different ways depending on the setting of Master Mode 
register bit MM2. If MM2 is set, the DTC always reliquishes 
bus control and then again requests it after each DMA 
iteration. This permits the CPU and other devices to gain 
access to the bus in the following execution control 
sequence: Channel 1, CPU, Channel 2, CPU, Channel 1, 
CPU. The CPU could be some other external device. 

When MM2 is clear and both channels have active requests 
and are in Demand Interleave mode, control toggles 
between the channels after each DMA operation iteration 
and the DTC retains bus control until both channels are 
finished with the bus. Appendix B's, Figure B.2 is a flowchart 
of the Demand Interleave operation. 

A software or hardware request causes a channel 
programmed for Demand Interleave to perform interleaved 
DMA operations until TC, MC, or EOP If the Software 
Request bit is set during chaining, the channel retains the 



bus after chaining and immediately starts perf orming DMA 
iterations interleaving after the first operation. If DREQ is Low 
on the last cycle during chaining, the channel performs a 
single iteration immediately after chainin g and interleaves 
thereafter until TC, MC, or EOP occurs or DREQ goes High. 
If the latter occurs, the channel relinquishes the bus 
interleaved operations. If a TC, MC, or EOP occurs, the 
channel first performs chaining and/or Base-to-Current 
reloading (assuming SIP is cleared) before interleaving. 



The waveform of DACK is progr amme d in Channel Mode 
register (CM -is). The Pulsed DACK is only for Flyby 
transactions. Figure 1 7 shows the timing for a single Search 
or Flyby operation. State Twa is optionally inse rted if 
programmed. For more than one iteration, the level DACK 
output stays active during the ti me the channel has bus 
control. When CM -is is set, the DACK output is inactive 
during Flowthrough modes. 







NOTES- 1 . State Tip is a pseudo-Ti state, without active AS generated following termination of any DMA operation. 

2. State Taui, is an auto-initialization state generated following the TC, MC, or EOP termination. 

3. Level DACK Rising Edge occurs as shown if auto-reloading is not programmed, otherwise it stays Low for three additional clock cycles. 



Figure 17. DACK Timing 



Wait States 

The number of wait states to be added to the memory or I/O 
transfer can be programmed by the user as 0, 1 , 2, or 4; it 
can be programmed separately for the Current Address 
registers A and B and for the Chain Address register. This 
allows different speed memories and peripherals to be 
associated with each of these addresses. The Base Address 
registers A and B also have a Tag Field which is loaded into 
the Current ARA and ARB registers during Base-to-Current 
reloading. Because many users utilizing the software 
programmable wait states do not need the ability to 



generate hardware wait states through the WAIT pin, the wait 
function can be disabled by clearing the Wait Line Enable bit 
(MM2) in the Master Mode register. 

During DMA transactions, the WAIT input is sampled in the 
middle of the T 2 state. If WAIT is High, and if no 
programmable wait states are selected, the DTC proceeds 
to stat e T 3 . Otherwise, at least one wait state is inserte d. The 
WAIT line is then sampled in the middle of state Twa- If WAIT 
is High the DTC proceeds to state T 3 . Otherwise additional 
wait states are inserted (Figure 1 8). 




TsWT(c) (§}-*► 



TsWT(c) ®— ► 
-*-@ ThWT(c) 

M J \ / T X 



<+-@ ThWT(c) 



Figure 18. WAIT Timing 
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In a transaction when both ha rdware and software wait 
states are inserted, each time the WAIT line is sampled Low, 
a hardware wait state is inserted in the next cy cle. T he 
software wait state insertion is suspended until WAIT is 
sampled and is High. The hardware wait states may be 
inserted anytime during the software wait state sequence. 
Hardware wait states are served consecutively rather than 
concurrently with software wait states. For example, assume 
for a Flowth rough I/O Transaction that a user has 
progr ammed four software wait states. Driving a Low on the 
WAIT input during T2 for t wo cyc les would insert two 
hardware wait states. Driving WAIT High for three cycles 
would allow in sertion of three of the four software wait states. 
Driving WAIT Low for two more cycle s wou ld insert two more 
hardware wait states. Finally, driving WAIT High would allow 
the final software wait state to be inserted. During this last 
software wait state, the WAIT pin would be sampled for the 



last time. If it is High, the channel proceeds to state T3. If the 
pin is Low, the channel inserts hardware wait states until the 
pin goes High and the channel then enters state T 3 to 
complete the I/O transaction. 

DMA Transactions 

There are three types of transactions performed by the 
Z8516 DTC: Flowthrough, Flyby, and Search. 

Flowthrough Transactions. A Flowthrough Transaction 
(Figure 1 9) consists of three states: T-| , T 2 , and T 3 as shown 
in Figure 20. The user may insert software wait states 
through the Tag fields of the Current ARA and ARB registers. 
In addition, if Master Mode register bit MM2 = 1 , hardware 
wait s tates may be inserted by driving a Low signal on the 
WAIT pin. 
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Figure 19. Flowthrough Transaction 



The M/IO and N/S lines reflect the appropriate level for the 
current cycle early in T-| . The TG6 and TG7 bits of the current 
ARA and ARB registers should be programmed properly. 
The ALE output is pulsed High to mark the beginning of the 
cycle. The offset portion of the address for the accessed 
pejipheral appears on AD0-AD-15 during T-|. The R/W and 
B/W lines seject a_read or write operation for bytes or words. 
The R/W, N/S, M/IO, and B/W lines become stable during T 1 
and remain stable until after T 3 . 

I/O address space is byte-addressed but both 8- and 16-bit 
data sizes are supported. During I/O transactions the B/W 
output is High for byte transactions and Low for word 
transactions. For I/O transactions, both even and odd 
addresses can be output, hence the address bit output on 
AD may be or 1 . 

The channel can_perform both I/O read and write 
operations; the M/IO line is Low. During an I/O read, the 
AD0-AD15 bus is placed in the high impedence state by the 
DTC during T2. The DTC drives the DS output Low to signal 
the peripheral that data can be gated onto the bus. The DTC 
strobes the data into its Temporary register during T3. DS is 
driven High to signal the end of the I/O transaction. During 
I/O write, the DTC drives the contents of the Temporary 
register onto the AD0-AD15 bus and shortly after drives the 
DS output Low until T 3 . Peripherals may strobe the data on 
the AD bus into their internal registers on either the clock's 
falling or rising edge. If the peripheral is also to be accessed 



in a Flyby transaction, data should be written only on the 
rising edge of DS. 

For byte I/O writes, the channel drives the same data on data 
bus lines AD0-AD7 and AD8-AD15. During byte I/O reads, 
when the address bit on AD is 0, the DTC strobes data in 
from data lines AD 8 -AD-| 5 . During byte I/O reads, when the 
address bit on AD is 1 , the DTC strobes data in from data 
lines AD0-AD7. Thus, when an 8-bit peripheral is connected 
to the bus, its internal registers typically are mapped at either 
all even or all odd addresses. To simplify accesses to 8-bit 
peripherals, byte oriented I/O addresses are incremented/ 
decremented by 2. 

The channel can perform the I/O read and memory write 
operation, the memory read and I/O write operation, and the 
memory read and memory write operation The timing for all 
Flowthrough transactions is the same. 

During chaining operations the DTC reads words from an 
address in System memory pointed to by the active 
channel's Chain Address register. Those chaining 
operations are performed identically to the Flowthrough 
memory read transactions, except that the data is loaded 
into an internal DTC Channel register rather than the 
Temporary register. Chaining never causes a write or a byte 
read; thus all memory writes or all byte accesses are due to 
DMA operations. A typical memory operation consists of 
three states: T-| , T2, and T3, as shown in Figure 20. The user 
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Figure 20. Flowthrough Transaction Timing 



may select to insert 1 , 2, or 4 software wait states between T2 
and T3 by programming the Tag field of the Current Address 
register or the Chain Address register. If the Wait Line Enable 
bit in the Master Mode register is set, the user may also insert 
har dware w ait states between T2 and T 3 by driving a Low on 
the WAIT line. The operation of Flowthrough memory 
transactions is identical to Flowthrough I/O transactions. 

Flyby Transactions. Flyby transfer and Flyby transfer- 
and-search operations are performed in a single cycle, 
providing a transfer rate significantly faster than 
Flowthrough. In transfers, Flyby mode operations can only 
be performed between memory and peripheral or between 



peripheral and peripheral. Memory-to-memory operations 
cannot be performed in Flyby mode (Figure 21). 

The Flyby Transaction can be used only with peripherals 
having a special Flyby signal input or with externa l logic. 
This Flyby input is connected to the channel's DACK output. 
For memory-peripheral Flyby, the address of the source 
memory location must be programmed in the Current ARA 
register. The Current ARB register must be programmed 
with the destination memory location for peripheral-memory 
Flyby. For Flyby peripheral-to-peripheral transaction, if both 
peripherals have a Flyby input, onl y one (the Flyby 
peripheral) should be connected to DACK; the other 
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Figure 21 . Flyby Transaction 
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(Non-Flyby) peripheral's Flyby input should be held High 
during the Flyby operation. When the Non-Flyby peri pheral 
is a destination and not connected to the channel's DACK 
output, its address should be programmed in the current 
ARB register. When the Non-Flyby peripheral is a source, its 
address should be programmed in the current ARA register. 
Table 4 explains that a set Flip bit (CM 4 = 1) is for Flyby 
peripheral to Non-Flyby peripheral or Memory Write 
transaction (From Flyby Transaction) and a clear Flip bit 
(CM 4 = 0) is for the Memory or Non-Flyby peripheral read to 
Flyby peripheral transaction (To Flyby Transaction). 

A Flyby operation requires three states: T-|, T2, and T 3 . 



During T-| the channel pulses ALE and outputs. The R/W 
line is High for To-Flyby Transaction and Low for From-Flyby 
Transaction (Figure 22). 

Table 4. Flyby Transaction 



Transaction 


CM 4 


R/W 


Address of Memory 

or Non-Flyby 

Peripheral 


To Flyby 
From Flyby 



1 


HIGH 
LOW 


ARA 
ARB 



TO FLYBY 
PERIPHERAL 



FROM FLYBY 
PERIPHERAL 




N 
00 
01 





Toggles for memory access in logical address space only. 
*For physical addressing only. 
*N/S will be low for I/O transactions. 



(A) Address is current ARA 

(B) Address is current ARB 



Figure 22. Flyby Transaction Timing 
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The channel's M/IO and N/S lines are coded as specified by 
the Current ARA or ARB Tag field. The B/W line indicates the 
operand size programmed in the Channel Mode register 
Operation field. During Ti the channel drives R/W to indicate 
the trans action direction; during T2 the channel drives both 
DS an d DACK active. The Flyby Peripheral connected to 
DACK inverts the R/W signal to determine whether it is being 
read from or written to (Figure 23). 



The pulsed DACK input serves two purposes: To select the 
peripheral for the Read/Write, and to provide timing 
information on when to drive data onto, or input data from, 
the AD -AD 15 bus. Because the Flyby Peripheral never is 
explicitly addressed by AD0-AD15, it must know which 
internal register is to be loaded from, or driven onto, the 



AD -AD 15 bus. On state T 3) the DS and DACK lines are 
driven inactive to conclude the transfer. In Transfer- 
and-Search mode, data is loaded into the DTC's Temporary 
register on the Low-to-High DS transition in order to perform 
the search function. 

To provid e adequate data setup time, the rising edge of DS 
or DACK should be used to perform the write to the tra nsfer 
destination. To extend the active time of DS and DACK, wait 
states can be inserted between T2 and T3. Software wait 
states can be inserted by programming the appropriate 
code in the Tag field of the Current ARA or AR B reg isters. 
Hardware wait states can be inserted by pulling WAIT Low if 
the Wait L ine Enable bit in the Master Mode register is set. 
The WAIT line is sampled in the middle of the T2 or Twa state. 
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Figure 23. Flyby Peripheral Interface 
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b) SAMPLING OF EOP DURING BUS HOLD 

Notes 

1. The diagram lists state names for both I/O and memory accesses. Sampling of EOP will occur on the falling edge of state T3. 

2. State Tip is a pseudo-T-i state, without active AS generated following termination of any DMA operation. 

3. State TAU1 is an auto-initialization state generated following the TC, MC, or EOP termination. 



Figure 24. EOP Timing 



818 



2353-007, 8222-009 



Termination 

There are three ways a Transfer-and-Search or Search 
operation can end and two ways a Transfer operation can 
end. When a channel's Current Operation Count goes to 0, 
the DMA operation ends; this is called a Terminal Count (TC) 
termination . A DMA operation can also be stopped by 
drivin g the EOP pin Low with external logic; this is called an 
EOP termination. Match Condition (MC) is the last method of 
termination which occurs when the data being 
Transferred-and-Searched or Searched meets the match 
condition programmed in Channel Mode register bits 
CM-I7-CM-I6- These bits allow the user to stop when a match 
occurs between the unmasked Pattern register bits and the 
data read from the source, or when a no-match occurs. Both 
byte and word matches are supported. MC terminations do 
not apply to Transfer operations since the pattern matching 
logic is disabled in Transfer mode. 

End of Process 



The End-of-Process (EOP) int erfac e pin is a bidirectional 

signal. Whenev er a T C, MC, or EOP termination occurs, the 

DTC drives the EOP pin Low. During DMA o perati ons, the (e) None of the above 

EOP pin is sampled by the DTC to determine if EOP is being 

drive n Low by external logic. Figure 24 shows when internal 

EOPs are gene rated marking termination of all Transfers and 

when the EOP pin is s ampl ed during the DMA iteratio n. Th e 

generation of internal EOPs and sampling of external EOPs 

for Transfer-and-Searches follow s the same timing used for 

Trans fers. Since there is a single EOP pin for both channels, 

EOPs should only be driven Low by a channel while that 

channel is bein g serv iced. This can be accomplished by 

selecting a leve l DACK outp ut (CMR -is = 0) and gating each 

channel's EOP request with DACK, as shown in Figure 25. 



Programming Completion Options. When a channel 
ends a DMA operation, the reason for ending is stored in the 
Completion Status Field of the channel's Status register 
(Figure 7). This information is retained until the next DMA 
operation ends at which time the Status register is updated 
to reflect the reason(s) for the latest termination. More than 
one bit in the Completion Field could be set to 1 . All three of 
the channel's Status register completion bits would be set to 
1 under the following conditions: If a channel decremented 
its Current Operation Count to causing a TC termination, 
input data from the source generat ed a match causing an 
MC t ermination, and a Low on the EOP pin resulted in an 
EOP termination. 

When a DMA operation ends, the channel can: 

(a) Issue an Interrupt request (i.e., setting the IP or SIP bit of 
the channel's Status register) 

(b) Perform Base-to-Current reloading 

(c) Chain reload the next DMA operation 



(d) Perform any combination of the above or 
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The user selects the action to be performed by the channel 
in the Completion option field of the Channel Mode register. 
For each type of termination (TC, MC or EOP) the user can 
choose which action or actions are to be taken. If no 
reloading is selected for the type of termination that 
occurred, the NAC bit in the Status register is set. 

More than one action can occur when a DMA operation 
ends. This may arise because more than one action was 
programmed for the applicable termination. The priorities of 
those actions are Interrupt request, Base-to-Current 
reloading, and chaining. The Interrupt cannot be serviced 
unless the DTC has relinquished the bus. 
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SYSTEM BUS 



Notes: 

1. External E OP st ops channel. 

2. DTC drives EOP Active on TC and MC; 

3. Channel should apply EOP only if its DACK is active. 



Figure 25. EOP Connection 

If an EOP is detected while the channel is trying to reload the 
Chain Address register, the new Chain Address Offset and 
Segment are discarded and the old address +2 is 
preserved to allow inspection of the erroneous address. 



Interrupts 

To permit the DTC to begin a new DMA operation after 
issuing an interrupt but before the CPU acknowledges that 
interrupt, a two-deep interrupt queue is provided on each 
channel of the DTC. Interrupt handling by the Z8000 
microprocessor is summarized in this section, followed by a 
brief discussion of the DTC's queueing capability and its 
implications for the system. 

A complete Interrupt cycle on the Z8000 CPU consists of an 
Interrupt Request followed by an Interrupt Acknowledge 
transaction. The request, which consists of the CPU's 
Interrupt pin being pulled Low by a peripheral, notifies the 
processor that an interrupt is pending. The Interrupt 
Acknowledge cycle, initiated by the CPU as a result of the 
interrupt request, performs two functions: it selects the 
peripheral whose interrupt is to be acknowledged and it 
obtains a vector that identifies the device involved and the 
reason for the interrupt. 



N 
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The DTC has two sources of interrupt. Each source has 
three bits that control its interrupt generation. These bits are 
the Channel Interrupt Enable (CIE), Interrupt Pending (IP), 
and Interrupt Under Service (I US) bits. Since each channel 
on the DTC contains all three of these bits (bits CM-15-CM-13), 
they are seen by the CPU as two separate interrupt sources. 
Each channel also has its own vector register for identifying 
the source of the interrupt during an Interrupt Acknowledge 
interchange with the CPU. The Disable Lower Chain (DLC) 
and No Vector (NV) bits in the DTC's Master Mode register 
control this behavior for the entire chip. 

Once a channel issues an interrupt, it is desirable to allow the 
channel to proceed with the next DMA operation before the 
interrupt is acknowledged. This could lead to problems if the 
DTC channel attempted to chain reload the Vector register 
contents. In such a situation, it may not be clear whether 
the old or new vector would be returned during the 
acknowledge. This dilemma is resolved in the DTC by 
providing each channel with an Interrupt Save register. 
When the channel sets IP as part of the procedure followed 
to issue an interrupt, the contents of the vector register and 
some of the Status register bits are saved in an Interrupt Save 
register (Figure 9). When an Interrupt Acknowledge cycle is 
performed, the contents of the Interrupt Save register are 
driven onto the bus. Although the use of an Interrupt Save 
register allows the channel to proceed with a new task, 
problems can still arise if a second interrupt is to be issued 
by the channel before the first interrupt is acknowledged. To 
avoid conflicts between the first and second interrupt, each 
channel has a Second Interrupt Pending (SIP) bit in its Status 
register. When a second interrupt is issued before the first 
interrupt is acknowledged, the SIP bit is set and the channel 
relinquishes the bus until an acknowledge occurs. For 
compatibility with polled interrupt schemes, the Interrupt 
Save register can be read without wait states by the host 
CPU. As an aid to debugging a system's interrupt logic, 
whenever IP is set, the Interrupt Save register is loaded from 
the Vector and Status registers. 

Note that the SIP bit is transferred to the IP bit when IP is 
cleared by the host CPU. Whenever CIE is set, INT goes Low 
when IP is set. 

Base-to-Current Reloading. When a channel finishes a 
DMA operation, the user may select to perform a 



Base-to-Current Reload. (Base-to-Current reloading is also 
referred to as Auto-reloading in this document.) In this type 
of reload, the Current Address registers A and B are loaded 
with the data in the Base Address registers A and B 
respectively, and the Current Operation Count register is 
loaded with the data in the Base Operation Count. The 
Base-to-Current reload operation facilitates repetitive DMA 
operations without the multiple memory accesses required 
by chaining. Although the channel must have bus control to 
perform Base-to-Current reloading, the complete reloading 
operation occurs in four clock cycles (TAUi through TAU4). If 
the channel has to relinquish the bus because two 
unacknowledged interrupts are queued, it has to regain bus 
control to perform any Base-to-Current reloading (or 
chaining). In this case it acquires the system bus once an 
interrupt acknowledge is received, even if it immediately 
afterward relinquishes the bus because no hardware or 
software request is present. 

Chaining. If the channel is programmed to chain at the end 
of a DMA operation, it uses the Chain Address register to 
point to a Chain Control Table in memory. The first word in 
the table is a Reload word, specifying the register(s) to be 
loaded. Following the Reload word are the data values to be 
transferred into the register(s). Chaining is described in 
detail in the Channel Initialization section. 

Because chaining occurs after Base-to-Current reloading, it 
is possible to reset the Current Address registers A and B 
and the Current Operation Count register to the values used 
for previous DMA operations and then chain reload one or 
two of these registers to some special value. If the Base 
values are not reloaded during chaining, the channel can 
revert back to the Base values at a later cycle. 

If an all zero Reload word is fetched during chaining, the 
chain operation does not reload any registers but performs 
like any other chaining operation. Thus, the Chain Address 
is incremented by 2 to point to the next word in memory and, 
at the end of the all Zero-Reload word chain operation, the 
channel is ready to perform a DMA operation. All zero 
Reload words are useful as "Stubs" to start or terminate 
linked lists of DMA operations traversed by chaining. Care 
must be taken in their use since the channel may perform an 
erroneous operation if it is unintentionally started after the 
chaining operation. 
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COMMANDS 

Table 5 shows a list of DTC commands. The commands are 
executed immediately after the host CPU writes them into 



the DTC's Command register (Figure 26). A description of 
each command follows. 



Table 5. DTC Command Summary 



Command 


Opcode Bits 


Example 
Code HEX 


7654 


3210 


Reset 

Start Chain Channel 1 

Start Chain Channel 2 


ooox 

101X 
101X 


xxxx 
xxxo 

XXX1 


00 
AO 
A1 


Set Software Request Channel 1 
Set Software Request Channel 2 
Clear Software Request Channel 1 
Clear Software Request Channel 2 


01 ox 
01 ox 
01 ox 
01 ox 


XX10 
XX11 

xxoo 

XX01 


42 
43 
40 
41 


Set Hardware Mask Channel 1 
Set Hardware Mask Channel 2 
Clear Hardware Mask Channel 1 
Clear Hardware Mask Channel 2 


100X 
100X 
100X 
100X 


XX10 
XX11 

xxoo 

XX01 


82 
83 
80 
81 


Set CIE, orlPChanneM 
Set CIE, or IP Channel 2 
ClearCIE, orlPChanneM 
ClearCIE, or IP Channel 2 


001 E 
001 E 
001 E 
001 E 


XP10 
XP11 
XPOO 
XP01 


32 
33 
30 
31 


Set Flip Bit ChanneM 
Set Flip Bit Channel 2 
Clear Flip Bit Channel 1 
Clear Flip Bit Channel 2 


011X 
011X 
011X 
011X 


XX10 
XX11 

xxoo 

XX01 


62 
63 
60 
61 



NOTES: E = Set to 1 to perform set/clear on CIE; clear to for no effect on CIE 
P = Set to 1 to perform set/clear on IP; clear to for no effect on IP 
X = "dont't care" bit. This bit is not decoded and may be or 1 
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RESET 








1 


INTERRUPT CONTROL 





1 





SOFTWARE REQUEST 





1 


1 


FLIP BIT 


1 








HARDWARE MASK 


1 





1 


START CHAIN 


1 


1 





NOT RECOGNIZED 


1 


1 


1 


NOT RECOGNIZED 



CHANNEL 2/CHANNEL 1 

SET/CLEAR 

INTERRUPT PENDING 

DON'T CARE 

CHANNEL INTERRUPT ENABLE 



Reset (00) 

This command causes the DTC to be set to the same state as 
a hardware reset. The Master Mode register is cleared to all 
Os, the CIE, IP, and SIP bits are cleared toO, the NAC and CA 
bits in each channel's Status register are set to 1 , and the 
channel activity is forbidden. The Chain Address must be 
programmed since its state may be indeterminate after a 
Reset. The lockout preventing channel activity is cleared by 
issuing a Start Chain command. 



Figure 26. Command Register 



821 



Start Chain Channel 1/Channel 2 (Ao/A^ 

This command causes the selected channel to clear the No 
Auto-Reload or Chain (NAC) bit in the channel's Status 
register, and to start a chain reload operation of the 
channel's registers, as described in the Channel 
Initialization section. These effects take place even if the 
fetched Reload word is all zeros. This command is only 
honored if the Chain Abort (CA) bit and the Second I nterrupt 
Pending (SIP) bit in the Channel's Status register are clear. If 
either the CA or SIP bit is set, this command is disregarded. 

When the Waiting For Bus (WFB) bit of the Status Register is 
set, if the "Start Chain" command is issued, the channel 
honors the command after one DMA iteration. It is nearly 
impossible for the CPU to issue a command when WFB = 1 
and the DTC is enabled. 

Software Request Channel 1 /Channel 2 
(Set: 42/43, Clear: 40/41) 

This command sets or clears the Software Request bit in the 
selected channel's Mode register. If the Second Interrupt 
Pending (SIP) bit and No Auto-Reload or Chain (NAC) bit in 
the channel's Status register are both cleared, the channel 
begins executing the programmed DMA operation. If either 
the SIP or NAC bit is set, the channel does not start 
executing a DMA operation. The SIP bit clears when the 
channel receives an interrupt acknowledge. One way to 
clear the NAC bit is to issue a Start Chain command to the 
channel. If the fetched Reload Word is all zeros, the 
channel's registers remain unchanged and the software 
request bit, if set earlier by command, causes the 
programmed DMA operation to start immediately. If during 
chaining, new information is loaded into the Channel Mode 
register, this new information overwrites the software request 
bit. 

Set/Clear Hardware Mask 1/Mask 2 
(Set: 82/83; Clear: 80/81) 

This command sets or clears the Hardware Mask in the 
selected channel's Mode register. This command always 
takes effect. The Hardware Mask bit inh ibits recognition of 
an active signal on the channel's DREQ input; this bit does 



not affect recognition of a software request. If the channel is 
in single transfer mode, it perfo rms DMA operations upon 
receipt of a transition on DREQ rather than in response to a 
DREQ level. Transitions, occurring while the Hardware mask 
bit is set, are stored and serviced when the Hardware Mask 
is cleared, assuming the Channel has not chained. The DTC 
requests the system bus o ne and one half to two clock 
cycles after the receipt of any DREQ, after wh ich a minimum 
of one DMA iteration is unavoidable. DREQ transitions are 
stored only for the current DMA operation. If the channel 
perform s a chain operation of single transfer mode, any 
DREQ transition stored for later service is cleared. 

Figure s 15 and 16 show the minimum times when a new 
DREQ can be applied if it is to be serviced by the new DMA 
operation. First iteratio n and Last iteration in Figure 15 
mean, for example, that DREQ may be asserted during the 
write cycle T-| of a Flowth rough transaction, but may never 
be asserted during T-| of a Flyby transaction since Flyby is 
done in one iteration. 

Set/Clear CIE, and IP Channel 1 /Channel 2 (Table 5) 

This command allows the user to set or clear any 
combination of the CIE and IP bits in the selected channel's 
Status register. These bits control the operation of the 
channel's interrupt structure and are described in the 
Interrupts section. Setting the IP bit causes the Interrupt 
Save register to be loaded with the current vector and status. 
The IP bit is cleared to facilitate an efficient conclusion to the 
processing of an interrupt. 

Set/Clear Flip Bit Channel 1 /Channel 2 
(Set: 62/63; Clear 60/61) 

The Flip Bit in the selected channel's Mode register can be 
cleared and set by this command. This allows the user to 
reverse the source and destination and thereby reverse the 
data transfer direction without reprogramming the channel. 
This command is useful when repetitive DMA operations are 
performed by the channel, using this command to control 
the direction of transfer. Chaining new information into the 
Channel Mode register overwrites the Flip bit. 
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Figure 27. AC Timing when DTC is a Bus Slave 
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Figure 28. AC Timing when DTC is a Bus Master 
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Figure 29. Upper Address Rollover Timing 




Figure 30. Bus Exchange Timing 
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Figure 31 . Reset Timing 



824 



2353-010,011,012 















4 T 1P 


* T AU1 ^ 














CLOCK j 


" TauS " 


TAU4 














WAIT 












X X 
























A16-A22 


X 








X 






X 


ALE 










r~\ 






r 






















X 








Y ADDRESS 


K 




< 


AD0-AD15 


J 




















R/W 


X 






/ 






/ 
















DS 












\ 












N/S 








\ 






















M/io 








/ 






















B/W 








\ 





01 

5 



Figure 32. Timing During Chaining 
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NOTES: 1 . State Tip is a pseudo-Ti state, without active AS generated following termination of any DMA operation. 

2. State Taui. is an auto-initialization state generated following the TC, MC, or EOP termination. 

3. Level DACK Rising Edge occurs as shown if auto-reloading is not programmed, otherwise it stays Low for three additional clock cycles. 

Figure 33. DACK Timing 
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a) EOP SAMPLING AND GENERATION DURING DMA OPERATIONS 



CHANNEL HOLDS BUS 
-Thld ►H Thld- 



CHANNEL RELEASES BUS 
•m TIDLE ► 




EXTERNAL 
EOP 



va rr 



b) SAMPLING OF EOP DURING BUS HOLD 



1. The diagram lists state names for both I/O and memory accesses. Sampling of EOP will occur on the falling edge of state T3. 

2. State Tip is a pseudo-Ti state, without active AS generated following termination of any DMA operation. 

3. State TAU1 is an auto-initialization state generated following the TC, MC, or EOP termination. 

Figure 34. EOP Timing 
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Figure 35. WAIT Timing 
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8222-006, 009, 2353-005 



ABSOLUTE MAXIMUM RATINGS 



Voltages on all pins with respect to GND . - 0.3 V to + 7.0 V 
Operating Ambient 

Temperature See ordering information 

Storage Temperature -65°Cto +150°C 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation ot the device at any condition above those indicated in the 
operational sections of these specifications is not implied Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



STANDARD TEST CONDITIONS 

The DC Characteristics and Capacitance sections listed 
below apply for the following standard test conditions, 
unless otherwise noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin. 

Standard condtions are as follows: 

■ + 4.75V <V CC < + 5.25V 

■ GND = 0V 

■ Ta as specified in Ordering Information 

All ac parameters assume a load capacitance of 50 pf 
maximum. 



The Ordering Information section lists package temperature 
ranges and product numbers. Package drawings are in the 
Package Information section in this book. Refer to the 
Literature List for additional documentation. 
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DC CHARACTERISTICS 



Symbol 



Parameter 



Min 



Max 



Unit 



Test Condition 



V C H 


Clock Input High Voltage 


Vcc-0.4 


V C C + 0.3 


V 


Driven by External 


V C L 


Clock Input Low Voltage 


-0.3 


0.45 


V 


Driven by External 


V|H 


Input High Voltage 


2.0 


V C C + 0.3 


V 




V|L 


Input Low Voltage 


-0.3 


0.8 


V 




V H 


Output High Voltage 


2.4 




V 


I h= -250 mA 


Vol 


Output Low Voltage 




0.4 


V 


Iol= + 2.0 mA 


IlL 


Input Leakage 




±10 


M A 


0.4<V| N <V CC 


lOL 


Output Leakage 




±10 


ma 


0.4<V|N< +Vcc 


'cc 


Vcc Supply Current 




350 


mA 


T A = 0°C 



NOTE. V cc = 


= 5V± 


5% unless otherwise specified 








CAPACITANCE 


Symbol 




Parameter 


Min 


Max 


Unit 


CCLOCK 

C|N 

COUT 




Clock 
Input 
Output 




40 

5 

10 


pf 
Pf 
Pf 



NOTES 

T A = 25°C,f = 1 MHz. 
Unmeasured pins returned to ground. 
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AC CHARACTERISTICSt 

DTC AS BUS MASTER 









4 MHz 


6MHz 


Number 


Symbol 


Parameter 


Min(ns) 


Max(ns) 


Min(ns) 


Max(ns) 


1 


TcC 


Clock Cycle Time 


250 


2000 


200 


2000 


2 


TwCh 


Clock Width (High) 


105 




70* 




3 


TwCI 


Clock Width (Low) 


105 




70* 




4 


TfC 


Clock Time 




20 




10 


5 


TrC 


Clock Rise Time 




20 




15 


6 


TdC(AUv) 


Clock t to Upper Address (A16-A23) 
Valid Delay 




90 




80 


7 


ThC(AUv) 


Clock t to Upper Address Valid 
Hold Time 


20 




10 




8 


TdC(ST) 


Clock t to R/W and B/W Valid Delay 




110 




90 


9 


TdC(A) 


Clock t to Lower Address (Arj-Ai 5) 
Valid Delay 




90 




90 


10 


TdC(Az) 


Clock t to Lower Address (Aq-A-| 5) 
Float Delay 




60 




60 


11 


TdC(Alr) 


Clock t to ALE t Delay 




70 




60 


12 


TdC(AL) 


Clock 1 to ALE 1 Delay 




70 




60 


13 


TdC(DS) 


Clock t to DS (Read) I Delay 




60 




60 


14 


TdC(DSf) 


Clock 1 to DS (Write) 1 Delay 




60 




60 


15 


TdC(DSr) 


Clock I to DS t Delay 




60 




60 


16 


TdC(DO) 


Clock t to Data Out Valid Delay 




90 




90 


17 


TsDI(C) 


Data In to Clock 1 Setup Time 


20 




15 




18 


TdA(AL) 


Address Valid to ALE 1 Delay 


50 




35 




19 


ThAL(A) 


ALE \ to Lower Address Valid 
Hold Time 


60 




40 




20 


TwAL 


ALE Width (High) 


80 




60 




21 


TdAz(DS) 


Lower Address Float to DS i Delay 












22 


TdAL(DS) 


ALE I to DS (Read) I Delay 


75 




35 




23 


TdAL(DI) 


ALE 1 to Data In Required Valid Delay 




300 




215 


24 


TdA(DI) 


Address Valid to Data In Required 
Valid Delay 




410 




305 


25 


TdDS(A) 


DS t to Address Active Delay 


80 




45 




26 


TdDS(AL) 


DS t to ALE t Delay 


75 




40 




27 


TdA(DS) 


Address Valid to DS (Read) 1 Delay 


160 




110 





*These must not occur simultaneously, 
tunits in nanoseconds. 
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AC CHARACTERISTICSt 

DTC AS BUS MASTER (Continued) 


Number 


Symbol 


Parameter 


4MHz 
Min(ns) Max(ns) 


6MHz 
Min(ns) Max(ns) 


28 


TdDO(DSr) 


Data Out Valid to DS t Delay 


230 




200 




29 


TdDO(DSf) 


Data Out Valid to DS 4 Delay 


55 




35 




30 


ThDS(DO) 


DS t to Data Out Valid Hold Time 


85 




45 




31 


TdDS(DI) 


DS (Read) 4 to Data In Required 
Valid Delay 




205 




155 


33 


ThDI(DS) 


DSt to Data In Hold Time 












34 


TwDSmw 


DS (Write) Width (Low) 


185 




110 




35 
36 


TwDSmr 
TdC(RBr) 


DS (Read) Width (Low) 
Clock 4 to RBENt Delay* 


275 


70 


220 


65 


37 


ThDS(ST) 


DS t to B/W, N/S, R/W and M/IO Valid 
Hold Time 


75 




45 




38 


TdC(TRf) 


Clock t to TBEN or RBEN 4 Delay 




60 




60 


39 


TdC(TRr) 


Clock t to TBEN t Delay 




60 




60 


40 
41 

42 
43 


TdC(ST) 
TdS(AL) 

TsWT(C) 
ThWT(C) 


Clock t to M/IO and N/S Valid Delay 
R/W, M/IO, B/W and N/S Valid to 

ALE 4 Delay 
WAIT to Clock 4 Setup Time 
WAIT to Clock 4 Hold Time 


90 

60 
20 
20 




75 

35 
20 
20 




44 


TwDRQ 


DREQ Pulse Width (Single Transfer 
Mode) 


20 




20 




45 
46 


TsDRQ(C) 
ThDRQ(C) 


DREQ Valid to Clock t Setup Time 
Clock t to DREQ Valid Hold Time 


50 
20 




50 
20 




47 


TdC(INTf) 


Clock 4 to INT 4 Delay 




150 




150 


tunits in nanoseconds. 

^Parameter 36 is slower than parameter 1 5. 


AC CHARACTERISTICSt 

DTC AS BUS SLAVE BUS EXCHANGE 








4MHz 


6MHz 


Number 


Symbol 


Parameter 


Min(ns) 


Max(ns) 


Min(ns) 


Max(ns) 




TdlN(DO) 






135 






61 


INTACK 4 to Data Output Valid Delay 


135 


62 


TdlN(DOz) 


INTACK t to Data Output Float Delay 




75 




80 


63 


TdDS(DO) 


DS 4 (IOR) to Data Output Driven 
Delay 




135* 




135* 


64 


TdDS(DOz) 


DS t (IOR) to Data Output Float Delay 




75 




80 


65 


TsDI(DS) 


Data Valid to DS t (IOW) Setup Time 


40 




40 




66 


ThDS(DI) 


DS t (IOW) toData Valid Hold Time 


30 




30 




67 


TwDS 
TwIN 


DS Low Width 


150* 
150 




150* 
150 




68 


INTACK Low Width 




69 


ThDS(CS) 


DSt to CS Valid Hold Time 


20 




20 




70 


ThDS(PD) 


DSt to P/D Valid Hold Time 


20 




20 




71 


TsPD(DS) 


P/D Valid to DS 4 Setup Time (IOR) 
P/D Valid to DS 4 Setup Time (IOW) 


10 
50 




10 
50 




* 2000ns for slow readable registers (worst case) 
tunits in nanoseconds 



U1 

1 



829 



ACCHARACTERISTICSt 

DTC AS BUS SLAVE BUS EXCHANGE (Continued) 



Number Symbol 



Parameter 



4MHz 
Min(ns) Max(ns) 



6MHz 
Min(ns) Max(ns) 



72 


TsCS(DS) 


CS Valid to DS \ Setup Time 


30 




30 




73 


TrDS 


DS t to DS \ Recovery Time (for 












TwRST 


Commands Only) 


4TcC 
3TcC 




4TcC 
3TcC 




74 


RESET Low Width 




75 


TdC(BRQf) 


Clock t to BREQt Delay 




150 




150 


76 


TdC(BRQr) 


Clock 1 to BREQJ Delay 




150 




150 


11 


TdBRQ(CTRz) 


BUSREQ \ to Control Bus Float Delay 




140 




140 


78 


TdBRQ(ADz) 


BUSREQ \ to AD Bus Float Delay 




140 




140 


79 


TdBRQ(BAI) 


BUSREQ t to BAI t Required Delay 












80 


TsBAI(C) 


BAI Valid to Clock t Setup Time 


40 




45 




81 


TdBAI(ADz) 


BAI 1 to A and AD Buses Float 
Delay (Reset) 




135 




135 


82 


TdBAI(CTRz) 


BAI I to Control Bus Float Delay 
(Reset) 




100 




100 


83 


TdBAI(DSz) 


BAI 1 to DS Float Delay (Reset) 




80 




90 


84 


TsRW(DS) 


R/W Valid to DS I Setup Time (IOW) 


2 




2 




85 


ThDS(RW) 


DS tto R/W Valid Hold Time (IOW) 


-10 




-10 




86 


TsRW(DS) 


R/W Valid to DS I Setup Time (IOR) 


20 




20 




87 


ThDS(RW) 


DS tto R/W Valid Hold Time (1 OR) 


20 




20 





* 2000ns for slow readable registers (worst case) 
tUnits in nanoseconds. 



ACCHARACTERISTICSt 

DTC-PERIPHERAL INTERFACE 



Number Symbol 



Parameter 



4MHz 6MHz 

Min(ns) Max(ns) Min(ns) Max(ns) 



90 TCHDL 

91 TCHDH 

92 TDSK 

93 TDAD 



Clock t to Pulsed DACK I Delay 
(Flyby Transactions Only) 



Clock t to Pulsed DACK t Delay 
(To Flyby Transactions Only) 

DS t to Pulsed DACK t Delay 
(From Flyby Transactions Only) 

Clock t To Level DACK Valid Delay 



30 



100 
100 

100 



20 



85 
85 



85 



94 TDAH 

95 TEIDL 

96 TEIDH 

97 TES 



Clock I to Level DACK Valid 

Hold Time 
Clock I to Internal EOP Low Delay 
Clock I to Internal EOP t Delay 
External EOP Valid to Clock I Setup 

Time During Operation 



100 
100 
100 



85 
90 
90 



10 



10 



98 TEW 

99 TES(BH) 

100 TEW(BH) 



External EOP Pulse Width Required 

During Operation 20 

External EOP Valid to Clock I Setup 

Time During Bus Hold 1 

External EOP Pulse Width Required 

During Bus Hold 20 



20 
10 
20 



tUnits in nanoseconds. 
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ORDERING INFORMATION 



Z8516DTC,4.0MHz 
48-pin DIP 

Z8516PS 
Z8516CS 
Z8516PE 
Z8516CE 



Z8516ADTC,6.0MHz 
48-pin DIP 

Z8516APS 
Z8516ACS 
Z8516APE 
Z8516ACE 



CODES 

C = Ceramic DIP 

P « Plastic DIP 

L = Ceramic LCC 

V - Plastic PCC 



TEMPERATURE 
S =0°Cto+70°C 
E =-40°Cto+85°C 
M*=-55°Cto+125°C 

Example: PS is a plastic DIP, 0°C to + 70°C. 



tAvailable soon. 

*For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 

FLOW 

B = 883 Class B 



0> 



3 
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Appendix A 



A7 



AO 



Address 

Fast Readable 
Writeable 



I MM3 I MM2 I MM1 I MMO I 



CHIP ENABLE 

CPU INTERLEAVE ENABLE 

WAIT LINE ENABLE 

NO VECTOR ON INTERRUPT 



Figure A1 . Master Mode Register 



Address 



A7 














AO 


X 





1 


1 








1 


X 


X 





1 


1 











X 


X 





1 


1 





1 


1 


X 


X 





1 


1 





1 





X 


X 


1 








1 





1 


X 


X 


1 








1 








X 


X 


1 








1 


1 


1 


X 


X 


1 








1 


1 





X 



Current Operation Count 

Current Operation Count 

Base Operation Count 

Base Operation Count 

Pattern 

Pattern 

Mask 

Mask 



Chain Loadable 

Writeable 

Pattern and Mask— Slow Readable 

Operation Count— Fast Readable 



| Pis| Pi4|Pi3lDi2}Pii |Piol Dg | Da | Oj\ De I Ds I D4 1 P 3 [ D2I Pi I Do | 

Figure A2. Miscellaneous Registers 



CH1 
CH2 
CH1 
CH2 
CH1 
CH2 
CH1 
CH2 
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2353-014,015 



Chain Loadable Only 



r/MW#//%%lD9|D8|D7|D6|D5|D4|D3|D 2 |Dl|Do| 



CHAIN ADDRESS (2 WORDS) 
CHANNEL MODE (2 WORDS) 
INTERRUPT VECTOR (1 WORD) 
PATTERN AND MASK (2 WORDS) 
BASE OP-COUNT (1 WORD) 

- BASE ARB (2 WORDS) 

- BASE ARA (2 WORDS) 

■ CURRENT OP-COUNT (1 WORD) 

- CURRENT ARB (2 WORDS) 

- CURRENT ARA (2 WORDS) 



Figure A3. Chain Control Register 



A7 



Address 
Writeable Only 



AO 



X 





1 





1 


1 


1 


X 


X 





1 





1 


1 





X 



CH1 
CH2 



N 

00 
tfl 

5 





D 7 D e D 5 D 4 D, D s 



TMdqI 


























1 





1 








1 


1 


1 








1 





1 


1 


1 





1 


1 


1 



CHANNEL 2/CHANNEL 1 

SET/CLEAR 

INTERRUPT PENDING 

DON'T CARE 

CHANNEL INTERRUPT ENABLE 



RESET 

INTERRUPT CONTROL 
SOFTWARE REQUEST 
FLIP BIT 

HARDWARE MASK 
START CHAIN 
NOT RECOGNIZED 
NOT RECOGNIZED 



Figure A4. Command Register 



Address 



Fast Readable 



A7 



AO 



X 





1 





1 


1 


1 


X 


X 





1 





1 


1 





X 



CH1 
CH2 




COMPLETION 
STATUS 



Figure A5. Status Registers 



2129-008, 2353-016, 2129-01 1 
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Address 



A7 














AO 


X 





1 





1 





1 


X 


X 





1 





1 








X 



CH1 
CH2 



Fast Readable 

|Pls|Pl4|Pl3lDl2|Pll|Pl0l D9 I PS | D 7 | P6 I PS | P4 [ P 3 | P2| Dj | Dp | 



■ VECTOR 
CHANNEL NUMBER 

■ = CH1 
1 = CH2 

- TC 

■ EOP 

- MC 

- CHAIN ABORTED 

- MCL 

- MCH 

- HARDWARE REQUEST 



Figure A6. Interrupt Save Registers 



A7 














AO 


X 


1 





1 





1 


1 


X 


X 


1 





1 





1 





X 


X 


1 





1 








1 


X 


X 


1 





1 











X 



High CH1 
High CH2 
LowCHI 
LowCH2 



Chain Loadable 
Writeable (Lower 16 bits) 
Slow Readable 



D4 1 Da | D2 1 piTpqI 



- MATCH CONTROL FIELD (CM16-17) 

- PULSED DACK (CM18) 

- HARDWARE REQUEST MASK (CM19) 

- SOFTWARE REQUEST (CM20) 



CHAIN 

ENABLE \ MC 

(CM13.15) [ EOP 

BTOC ( TC- 
RELOAD I . 

ENABLE | _ 
(CM10-12) I EOP- 

INTERRUPT ( TC ~ 
ENABLE I MC- 
(CM7.9) I gQP- 



Di5|D14|D13|Di2|Dii1Dio| P9 | Ps I P7 1 Ds 

tcJ I 



D 5 | D4 | D3 I D2 | Pi I Dp | 



T 



- DATA OPERATION FIELD (CM0-CM3) 

- FLIP BIT (CM4) 

(0) — ARA = src, ARB = dst 

(1) — ARA * dst, ARA = src 

- TRANSFER TYPE FIELD (CM5-6) 



Figure A7. Channel Mode Register 
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2129-010 



M 



AO 



Address 



X 





1 








1 


1 


X 


X 





1 








1 





X 


X 





1 











1 


X 


X 





1 














X 



Fast Readable 



Up-AddrCH1 
Up-AddrCH2 
Low-AddrCH1 
Low-AddrCH2 



Figure A8. Chain Address Register 



WAIT STATES 

1 WAIT STATES 

2 WAIT STATES 
4 WAIT STATES 



JL ° 
_0_J_ 
_1__0_ 
1 1 



15 


8 7 3 2 10 


" S EGMEN T V////////////A Kit VA 


LOWER ADDRESS 



A7 



Address 



Chain Loadable 

Fast Readable and Writeable 



ADDRESS REFERENCE FIELD — | 

00 = SYSTEM I/O 

01 » SYSTEM MEMORY 

10 = NORMAL I/O 

11 * NORMAL MEMORY 



A0 



X 








1 


1 





1 


X 


X 








1 


1 








X 


X 











1 





1 


X 


X 











1 








X 


X 








1 








1 


X 


X 








1 











X 


X 

















1 


X 


X 




















X 


X 








1 


1 




1 


X 


X 








1 


1 







X. 


X 











1 




1 


X 


X 











1 







X 


X 








1 







1 


X 


X 








1 










X 


X 
















1 


X 


X 



















X 



Current Address Register A Up-Addr/Tab CH1 

Current Address Register A Up-Addr/Tag CH2 

Current Address Register A Low-Addr CH 1 

Current Address Register A Low-Addr CH2 

Current Address Register B Up-Addr/Tag CH1 

Current Address Register B Up-Addr/Tab CH2 

Current Address Register B Low-Addr CH1 

Current Address Register B Low-Addr CH2 

Base Address Register A Up-Addr/Tag CH1 

Base Address Register A Up-Addr/Tag CH2 

Base Address Register A Low-Addr CH 1 

Base Address Register A Low-Addr CH2 

Base Address Register B Up-Addr/Tag CH1 

Base Address Register B Up-Addr/Tag CH2 

Base Address Register B Low-Addr CH1 

Base Address Register B Low-Addr CH2 



- ADDRESS CONTROL FIELD 

00 = INCREMENT ADDRESS 

01 = DECREMENT ADDRESS 
1X = HOLD ADDRESS 



■ WAIT CONTROL FIELD 

00 = WAIT STATES 

01 = 1 WAIT STATES 

10 = 2 WAIT STATES 

11 =4 WAIT STATES 



15 8 


7 6 5 4 3 2 


1 


UPPER ADDRESS (A 16 -A 22 ) 


: ^ ™ : 


: ^ 


LOWER ADDRESS (A -A 15 ) 



en 



3 



Figure A-9. Address Registers 



2353-017 2129-009 
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rC 



ONE DMA ITERATION 




ANOTHER 
CHANNEL OR 
RELEASE BUS 



T 



INTERRUPT 

B-TOC LOAD 

CHAINING 



GEO 

(A) Single operation 





£ START ) 

\ 






-►1 ONE DMA ITERATION 




^Xeo^S^yes 

V^TC, MC,^ * 


INTERRUPT 

B-TO-C LOAD 

CHAINING 


JNO 
LOW ^^__7S^ 










jl HIGH 








ANOTHER 
CHANNEL OR 
RELEASE BUS 














( EXIT ) 





(C) Demand dedicated with bus release 
(hardware request) 




INTERRUPT 

B-TO-C LOAD 

CHAINING 



ANOTHER 
CHANNEL OR 
RELEASE BUS 



CED 



(B) Demand operation when 
software requesting 




(D) Demand dedicated with 
bus hold (hardware request) 



Figure A-10. Basic DMA Operations of Z8516 DTC 
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2271-010 



CH 1. INTERLEAVE CH 1 INTERLEAVE CH 1: INTERLEAVE CH 1 DEMAND INTERLEAVE 

CH 2 INTERLEAVE CH 2 INTERLEAVE CH 2: SOFTWARE DEMAND CH 2: DEMAND/BUS RELEASE 



CPU NO INTERLEAVE CPU" INTERLEAVE CPU INTERLEAVE 



CPU: NO INTERLEAVE 



CH 1- DEMAND INTERLEAVE 
CH2 DEMAND/BUS HOLD 
CPU: NO INTERLEAVE 



CH 1: DEMAND/INTERLEAVE 
CH 2: DEMAND/ BUS RELEASE 
CPU INTERLEAVE 



CH 1. DEMAND INTERLEAVE 

CH 2 DEMAND/BUS HOLD OR BUS RELEASE 

CPU INTERLEAVE 




Figure A-1 1 . Demand Interleave Operations of Z851 6 DTC 



3XQ9IS8Z 




- UPPER ADDRESS UPDATING - 



- TRANSFER/SEARCH - 



ACKNOWLEDGE 
-►U- SETUP **U — 



h ,DLE H 



Figure A-12. Z8516 State Diagram 



Z851 6 INTERNAL OPERATION ROUTINES 

1. "Start Chain" command issued or start updating 8. 
routine, including base-to-current auto-reloading and 
chaining, after an interrupt has been served. 9. 

2. Normal DMA operation. 

3. Demand with Bus hold while DREQ is inactive. 1 0. 

4. DREQ is active while bus held. 11. 

5. Single transfer, CPU interleave enabled, or demand 12. 
with bus release while current DREQ is inactive and no 13. 
DMA request is pending. 

6. Single Transfer or Demand/Bus release while current 14. 
DREQ is inactive, but the other DMA request is 15. 
pending. 16. 

7. TC, MC, or EOP termination occurs. 1 7. 

NOTE- When a second interrupt is issued before the first interrupt is 
acknowledged, the Status register's SIP bit is set and the channel 
relinquishes the bus until the first interrupt is serviced. If the channel 
performs the updating routine, once the SIP bit is cleared, the DTC 
reacquires the bus and performs the operation. 



On DMA or chain transaction is done and the upper 

address is not changed. 

One DMA or chain transaction is done and the upper 

address is changed. 

Base-to-current auto- reloading is enabled. 

Base-to-current auto-reloading is disabled. 

Chaining is enabled. 

Chaining is disabled and another DMA request is 

pending. 

Chaining is disabled and no DMA request is pending. 

Chaining ends and another DMA request is pending. 

Chaining ends and no DMA request is pending. 

EOP termination of Bus Hold. 
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Z8530 SCC Serial 

Communications 

Controller 



Zilog 



Product 
Specification 



April 1985 



Features ■ Two independent, to 1 .5M bit/second, full- 

duplex channels, each with a separate crystal 
oscillator, baud rate generator, and Digital 
Phase-Locked Loop for clock recovery. 

■ Multi-protocol operation under program 
control; programmable for NRZ, NRZI, or 
FM data encoding. 

■ Asynchronous mode with five to eight bits 
and one, one and one-half, or two stop bits 
per character; programmable clock factor; 
break detection and generation; parity, 
overrun, and framing error detection. 

■ Synchronous mode with internal or external 
character synchronization on one or two 



synchronous characters and CRC genera- 
tion and checking with CRC- 16 or 
CRC-CCITT preset to either Is or Os. 

I SDLC/HDLC mode with comprehensive 
frame- level control, automatic zero insertion 
and deletion, I-field residue handling, abort 
generation and detection, CRC generation 
and checking, and SDLC Loop mode 
operation. 

Local Loopback and Auto Echo modes. 

1 .544M bit/second Tl digital trunk compatible 
version available. 



01 

3 



General The Z8530 SCC Serial Communications 

Description Controller is a dual-channel, multi-protocol 
data communications peripheral designed for 
use with conventional non-multiplexed buses. 
The SCC functions as a serial-to-parallel, 
parallel-to-serial converter/controller. The 
SCC can be software- configured to satisfy a 



wide variety of serial communications applica- 
tions. The device contains a variety of new, 
sophisticated internal functions including 
on-chip baud rate generators, Digital Phase- 
Locked Loops, and crystal oscillators that 
dramatically reduce the need for external 
logic. 
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TxDA 
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RxDA 
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D 5 
D 4 
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TRxCA 
RTxCA 
SYNCA 
W/REQA 
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DTR/REQA 
RTSA 
CTSA 
DCDA 
TxDB 
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TIMING 

AND RESET 
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RD 
WR 
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CONTROL 
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CE 


RxDB 


■* 




— 


D/C 

iNT 

INTACK 

IEI 

IEO 


TRxCB 

RTxCB 

SYNCB 

W/REQB 


*— 


INTERRUPT 


*■ 










DTR/REQB 








RTSB 
28530 CTSB 
SCC DCDB 


► 











CHANNEL 
CLOCKS 



CHANNEL 
CONTROLS 
FOR MODEM, 
DMA, OR 
OTHER 



CHANNEL 
CLOCKS 



CHANNEL 
CONTROLS 
FOR MODEM, 
DMA, OR 
OTHER 



>CH-A 



>CH-B 



fTT 

+ 5V GND PCLK 



DiC 


, ^ • 


1 DO 


■*C 


2 


39 


J° 2 


OsL 


3 


38 


U°4 


*L 


4 


37 


2°* 


INT C 


5 


36 


2 RD 


IEO C 


6 


35 


2 WR 


IEI C 




34 


3 A/B 


INTACK C 


8 


33 


JCE 


+ 5V £ 


9 


32 


] D/C 


W/REQA £ 


10 Z853 ° 31 

see 


] GND 


SYNCA |_ 


11 


30 


J W/REQB 


RTxCA C 


12 


29 


2 SYNCB 


RxDA C 


13 


28 


] RTxCB 


TRxCA C 


14 


27 


2 RxDB 


TxDA C 


15 


26 


2 TRxCB 


DTR/REQA |_ 


16 


25 


2 TxDB 


RTSA C 


17 


24 


2 DTR/REQB 


CTSA C 


18 


23 


2 RTSB 


DCDA C 


19 


22 


2 CTSB 


PCLK LI 


20 


21 


2 DCDB 



Figure 1. Pin Functions 



Figure 2a. 40-pin Dual-In-Line Package (DIP), 
Pin Assignments 
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General The SCC handles asynchronous formats, 

Description Synchronous byte- oriented protocols such as 
(Continued) IBM Bisync, and Synchronous bit-oriented pro- 
tocols such as HDLC and IBM SDLC. This ver- 
satile device supports virtually any serial data 
transfer application (cassette, diskette, tape 
drives, etc.). 

The device can generate and check CRC 
codes in any Synchronous mode and can be 
programmed to check data integrity in various 
modes. The SCC also has facilities for 



modem controls in both channels. In appli- 
cations where these controls are not needed, 
the modem controls can be used for 
general-purpose I/O. 

The Z-Bus daisy-chain interrupt hierarchy is 
also supported — as is standard for Zilog 
peripheral components. 

The Z8530 SCC is packaged in a 40-pin cer- 
amic DIP and a 44-pin chip carrier. 



^ o A o h <P o N o* <P o* o* ^ 4* 



IEO 

IEI 

INTACK 

+ 5V 

W/REQA 

SYNCA 

RTxCA 

RxDA 

TRxCA 

TxDA 

NC 



/ 6 


5 4 3 2 1 44 43 42 41 40 \ 
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39 


A/B 




38 


CE 


9 




37 


D/C 


10 




36 


NC 


11 




35 


GND 


12 
13 


Z8530 
SCC 


34 
33 


W/REQB 
SYNCB 


14 




32 


RTxCB 


15 




31 


RxDB 


16 
17 




30 


TRxCB 




29 


TxDB 


\" 


19 20 21 22 23 24 25 26 27 28 / 





Figure 2b. 44-pin Chip Carrier, 
Pin Assignments 
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Pin The following section describes the pin 

Description functions of the SCC. Figures 1 and 2 detail 

the respective pin functions and pin 

assignments. 

A/B. Channel A/Channel B Select (input). 
This signal selects the channel in which the 
read or write operation occurs. 

CE. Chip Enable (input, active Low). This 
signal selects the SCC for a read or write 
operation. 



CTSA, CTSB. Clear To Send (inputs, active 
Low). If these pins are programmed as Auto 
Enables, a Low on the inputs enables the 
respective transmitters. If not programmed as 
Auto Enables, they may be used as general- 
purpose inputs. Both inputs are Schmitt-trigger 
buffered to accommodate slow rise-time inputs. 
The SCC detects pulses on these inputs and 
can interrupt the CPU on both logic level 
transitions. 

D/C. Data/Control Select (input). This signal 
defines the type of information transferred to 
or from the SCC. A High means data is 
transferred; a Low indicates a command. 



DCDA, DCDB. Data Carrier Detect (inputs, 
active Low). These pins function as receiver 
enables if they are programmed for Auto 
Enables; otherwise they may be used as 
general-purpose input pins. Both pins are 
Schmitt-trigger buffered to accomodate slow 
rise-time signals. The SCC detects pulses on 
these pins and can interrupt the CPU on both 
logic level transitions. 

D0-D7. Data Bus (bidirectional, 3-state). These 
lines carry data and commands to and from 
the SCC. 



DTR/REQA, DTR/REQB. Data Terminal 
Ready/Request (outputs, active Low). These 
outputs follow the state programmed into the 
DTR bit. They can also be used as general- 
purpose outputs or as Request lines for a DMA 
controller. 

I EI. Interrupt Enable In (input, active High). 
IEI is used with IEO to form an interrupt daisy 
chain when there is more than one interrupt- 
driven device. A High IEI indicates that no 
other higher priority device has an interrupt 
under service or is requesting an interrupt. 



IEO. Interrupt Enable Out (output, active 
High). IEO is High only if IEI is High and the 
CPU is not servicing an SCC interrupt or the 
SCC is not requesting an interrupt (Interrupt 
Acknowledge cycle only). IEO is connected to 
the next lower priority device's IEI input and 
thus inhibits interrupts from lower priority 
devices. 

INT. Interrupt Request (output, open-drain, 
active Low) . This signal is activated when the 
SCC requests an interrupt. 

INTACK. Interrupt Acknowledge (input, active 
Low). This signal indicates an active Interrupt 
Acknowledge cycle. During this cycle, the 
SCC interrupt daisy chain settles. When RD 
becomes active, the SCC places an interrupt 
vector on the data bus (if IEI is High). 
INTACK is latched by the rising edge 
of PCLK. 

PCLK. Clock (input). This is the master SCC 
clock used to synchronize internal signals 
PCLK is a TTL level signal. 

RD. Read (input, active Low). This signal indi- 
cates a read operation and when the SCC is 
selected, enables the SCC's bus drivers. Dur- 
ing the Interrupt Acknowledge cycle, this 
signal gates the interrupt vector onto the bus 
if the SCC is the highest priority device 
requesting an interrupt. 

RxDA, RxDB. Receive Data (inputs, active 
High). These input signals receive serial data 
at standard TTL levels. 



RTxCA, RTxCB. Receive/Transmit Clocks 
(inputs, active Low). These pins can be pro- 
grammed in several di fferent modes of opera- 
tion. In each channel, RTxC may supply the 
receive clock, the transmit clock, the clock for 
the baud rate generator, or the clock for the 
Digital Phase-Locked Loop. These pins can 
also be pro grammed for use with the respec- 
tive SYNC pins as a crystal oscillator. The 
receive clock may be 1, 16, 32, or 64 times the 
data rate in Asynchronous modes. 

RTSA, RTSB. Request To Send (outputs, 
active Low). When the Request To Send (RTS) 
bit in Write Register 5 (Figure 11) is set, the 
RTS signal goes Low. When the RTS bit is 
reset in the Asynchronous mode and Auto 



<J1 

o 

CO 
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Pin Enable is on, the signal goes High after the 

Description transmitter is empty. In Synchronous mode or 
(Continued) in Asynchronous mode with Auto Enable off, 

the RTS pin strictly follows the state of the RTS 
bit. Both pins can be used as general-purpose 
outputs. 

SYNCA, SYNCB. Synchronization (inputs or 
outputs, active Low). These pins can act either 
as inputs, outputs, or part of the crystal 
oscillator circuit. In the Asynchronous Receive 
mode (crystal oscillator option not s elect ed), 
these pins are inputs similar to CTS and DCD. 
In this mode, transitions on these lines affect 
the state of the Synchronous/Hunt status bits in 
Read Register (Figure 10) but have no other 
function. 

In External Synchronization mode with the 
crystal oscillator not selecte d, thes e lines also 
act as inputs. In this mode, SYNC must be 
driven Low two receive clock cycles after the 
last bit in the synchronous character is 
received. Character assembly begins on the 
rising edge of the receive c lock im mediately 
preceding the activation of SYNC. 

In the Internal Synchronization mode 
(Monosync and Bisync) with the crystal 
oscillator not selected, these pins act as out- 
puts and are active only during the part of the 
receive clock cycle in which synchronous 
characters are recognized. The synchronous 



condition is not latched, so these outputs are 
active each time a synchronization pattern is 
recognized (regardless of character bound- 
aries). In SDLC mode, these pins act as 
outputs and are valid on receipt of a flag. 

TxDA, TxDB. Transmit Data (outputs, active 
High). These output signals transmit serial data 
at standard TTL levels. 



TRxCA, TRxCB. Transmit/Receive Clocks 
(inputs or outputs, active Low). These pins can 
be progra mmed in several different modes of 
operation. TRxC may supply the receive clock 
or the transmit clock in the input mode or sup- 
ply the output of the Digital Phase-Locked 
Loop, the crystal oscillator, the baud rate 
generator, or the transmit clock in the output 
mode. 

WR. Write (input, active Low). When the SCC 

is selected, this signal indicates a write 

operation. The coincidence of RD and WR is 
interpreted as a reset. 

W/REQA, W/REQB. Wait/Bequest (outputs, 
open-drain when programmed for a Wait func- 
tion, driven High or Low when programmed 
for a Reguest function). These dual-purpose 
outputs may be programmed as Request lines 
for a DMA controller or as Wait lines to syn- 
chronize the CPU to the SCC data rate. The 
reset state is Wait. 



Functional The functional capabilities of the SCC 

Description can be described from two different points 
of view: as a data communications device, 
it transmits and receives data in a wide 
variety of data communications protocols; as a 
microprocessor peripheral, the SCC offers 
valuable features such as vectored interrupts, 
polling, and simple handshake capability. 

Data Communications Capabilities. The 

SCC provides two independent full-duplex 
channels programmable for use in any com- 
mon Asynchronous or Synchronous data- 
communication protocol. Figure 3 and the 



following description briefly detail these 
protocols. 

Asynchronous Modes. Transmission and 
reception can be accomplished independently 
on each channel with five to eight bits per 
character, plus optional even or odd parity. 
The transmitters can supply one, one-and-a- 
half, or two stop bits per character and can 
provide a break output at any time. The 
receiver break-detection logic interrupts the 
CPU both at the start and at the end of a 
received break. Reception is protected from 
spikes by a transient spike-rejection 
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Functional mechanism that checks the signal one-half a 
Description bit time after a Low level is detected on the 
(Continued) receive data input (RxDA or RxDB in 

Figure 1). If the Low does not persist (as in the 
case of a transient), the character assembly- 
process does not start. 

Framing errors and overrun errors are 
detected and buffered together with the partial 
character on which they occur. Vectored inter- 
rupts allow fast servicing or error conditions 
using dedicated routines. Furthermore, a 
built-in checking process avoids the interpreta- 
tion of a framing error as a new start bit: a 
framing error results in the addition of one-half 
a bit time to the point at which the search for 
the next start bit begins. 

The SCC does not require symmetric 
transmit and receive clock signals — a feature 
allowing use of the wide variety of clock 
sources. The transmitter and receiver can 
handle data at a rate of 1, 1/16, 1/32, or 1/64 
of the clock rate supplied to the receive and 
tra nsmit c lock inputs. In Asynchronous modes, 
the SYNC pin may be programmed as an input 
used for functions such as monitoring a ring 
indicator. 

Synchronous Modes. The SCC supports both 
byte-oriented and bit-oriented synchronous 
communication. Synchronous byte- oriented 
protocols can be handled in several modes, 
allowing character synchronization with a 6-bit 
or 8-bit synchronous character (Monosync), 
any 12-bit synchronization pattern (Bisync), or 
with an external synchronous signal. Leading 
sync characters can be removed without inter- 
rupting the CPU. 

Five- or 7-bit synchronous characters are 
detected with 8- or 16-bit patterns in the SCC 
by overlapping the larger pattern across multi- 
ple incoming synchronous characters as shown 
in Figure 4. 

CRC checking for Synchronous byte- 
oriented modes is delayed by one character 
time so that the CPU may disable CRC check- 
ing on specific characters. This permits the 
implementation of protocols such as 
IBM Bisync. 

Both CRC-16 (X16 + X15 + X2 + 1) and 
CCITT (X16 + X12 + X5 + 1) error checking 
polynomials are supported. Either polynomial 
may be selected in all Synchronous modes. 
Users may preset the CRC generator and 
checker to all Is or all Os. The SCC also pro- 
vides a feature that automatically transmits 
CRC data when no other data is available for 



transmission. This allows for high speed 
transmissions under DMA control, with no 
need for CPU intervention at the end of a 
message. When there is no data or CRC to 
send in Synchronous modes, the transmitter 
inserts 6-, 8-, or 16-bit synchronous 
characters, regardless of the programmed 
character length. 

The SCC supports Synchronous bit-oriented 
protocols, such as SDLC and HDLC, by per- 
forming automatic flag sending, zero insertion, 
and CRC generation. A special command can 
be used to abort a frame in transmission. At 
the end of a message, the SCC automatically 
transmits the CRC and trailing flag when the 
transmitter underruns. The transmitter may 
also be programmed to send an idle line con- 
sisting of continuous flag characters or a 
steady marking condition. 

If a transmit underrun occurs in the middle 
of a message, an external/status interrupt 
warns the CPU of this status change so that an 
abort may be issued. The SCC may also be 
programmed to send an abort itself in case of 
an underrun, relieving the CPU of this task. 
One to eight bits per character can be sent, 
allowing reception of a message with no prior 
information about the character structure in 
the information field of a frame. 

The receiver automatically acquires syn- 
chronization on the leading flag of a frame in 
SDLC or HDLC a nd pro vides a synchroniza- 
tion signal on the SYNC pin (an interrupt can 
also be programmed). The receiver can be 
programmed to search for frames addressed by 
a single byte (or four bits within a byte) of a 
user-selected address or to a global broadcast 
address. In this mode, frames not matching 
either the user-selected or broadcast address 
are ignored. The number of address bytes can 
be extended under software control. For 
receiving data, an interrupt on the first 
received character, or an interrupt on every 
character, or on special condition only (end- 
of-frame) can be selected. The receiver 
automatically deletes all Os inserted by the 
transmitter during character assembly. CRC is 
also calculated and is automatically checked to 
validate frame transmission. At the end of 
transmission, the status of a received frame is 
available in the status registers. In SDLC 
mode, the SCC must be programmed to use 
the SDLC CRC polynomial, but the generator 
and checker may be preset to all Is or all Os. 
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Figure 4. Detecting 5- or 7-Bit Synchronous Characters 
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Functional The CRC is inverted before transmission and 
Description the receiver checks against the bit pattern 
(Continued) 0001 1 10100001 111. 

NRZ, NRZI or FM coding may be used in any 
lx mode. The parity options available in Asyn- 
chronous modes are available in Synchronous 
modes. 

The SCC can be conveniently used under 
DMA control to provide high speed reception 
or transmission. In reception, for example, the 
SCC can interrupt the CPU when the first 
character of a message is received. The CPU 
then enables the DMA to transfer the message 
to memory. The SCC then issues an end-of- 
frame interrupt and the CPU can check the 
status of the received message. Thus, the CPU 
is freed for other service while the message is 
being received. The CPU may also enable the 
DMA first and have the SCC interrupt only on 
end-of-frame. This procedure allows all data to 
be transferred via the DMA. 

SDLC Loop Mode. The SCC supports SDLC 
Loop mode in addition to normal SDLC. In an 
SDLC Loop, there is a primary controller 
station that manages the message traffic flow 
on the loop and any number of secondary 
stations. In SDLC Loop mode, the SCC per- 
forms the functions of a secondary station 
while an SCC operating in regular SDLC 
mode can act as a controller (Figure 5). 

A secondary station in an SDLC Loop is 
always listening to the messages being sent 
around the loop, and in fact must pass these 
messages to the rest of the loop by retrans- 
mitting them with a one-bit-time delay. The 
secondary station can place its own message 
on the loop only at specific times. The con- 
troller signals that secondary stations may 
transmit messages by sending a special 
character, called an EOP (End Of Poll), 
around the loop. The EOP character is the bit 
pattern 11111110. Because of zero insertion 
during messages, this bit pattern is unique and 
easily recognized. 

When a secondary station has a message to 
transmit and recognizes an EOP on the line, it 



changes the last binary 1 of the EOP to a 
before transmission. This has the effect of turn- 
ing the EOP into a flag sequence. The secon- 
dary station now places its message on the loop 
and terminates the message with an EOP. Any 
secondary stations further down the loop with 
messages to transmit can then append their 
messages to the message of the first secondary 
station by the same process. Any secondary 
stations without messages to send merely echo 
the incoming messages and are prohibited 
from placing messages on the loop (except 
upon recognizing an EOP). 

SDLC Loop mode is a programmable option 
in the SCC. NRZ, NRZI, and FM coding may 
all be used in SDLC Loop mode. 

Baud Rate Generator. Each channel in the 
SCC contains a programmable baud rate 
generator. Each generator consists of two 8-bit 
time constant registers that form a 16-bit time 
constant, a 16-bit down counter, and a flip-flop 
on the output producing a square wave. On 
startup, the flip-flop on the output is set in a 
High state, the value in the time constant 
register is loaded into the counter, and the 
counter starts counting down. The output of 
the baud rate generator toggles upon reaching 
0, the value in the time constant register is 
loaded into the counter, and the process is 
repeated. The time constant may be changed 
at any time, but the new value does not take 
effect until the next load of the counter. 

The output of the baud rate generator may 
be used as either the transmit clock, the 
receive clock, or both. It can also drive the 
Digital Phase-Locked Loop (see next section). 

If the receive clock or trans mit cloc k is not 
programmed to come from the TRxC pin, the 
output of the baud rate g enerator may be 
echoed out via the TRxC pin. 

The following formula relates the time con- 
stant to the baud rate (the baud rate is in 
bits/second and the BR clock period is in 
seconds): 



baud rate = 



1 



2 (time constant + 2) x (BR clock period) 




Digital Phase-Locked Loop. The SCC con- 
tains a Digital Phase-Locked-Loop (DPLL) to 
recover clock information from a data stream 
with NRZI or FM encoding. The DPLL is driven 
by a clock that is nominally 32 (NRZI) or 16 
(FM) times the data rate. The DPLL uses this 
clock, along with the data stream, to construct 
a clock for the data. This clock may then be 
used as the SCC receive clock, the transmit 
clock, or both. 

For NRZI encoding, the DPLL counts the 32x 
clock to create nominal bit times. As the 32x 
clock is counted, the DPLL is searching the 



Figure 5. An SDLC Loop 
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Functional incoming data stream for edges (either 1 to 
Description or to 1). Whenever an edge is detected, the 
(Continued) DPLL makes a count adjustment (during the 
next counting cycle), producing a terminal 
count closer to the center of the bit cell. 

For FM encoding, the DPLL still counts from 
to 31, but with a cycle corresponding to two 
bit times. When the DPLL is locked, the clock 
edges in the data stream should occur between 
counts 15 and 16 and between counts 31 and 
0. The DPLL looks for edges only during a 
time centered on the 15 to 16 counting 
transition. 

The 32x clock for the DPLL can be pr o- 
grammed to come from either the RTxC input 
or the output of the baud rate generator. The 
DPLL output may be program med to be 
echoed out of the SCC via the TRxC pin (if 
this pin is not being used as an input). 

Data Encoding. The SCC may be pro- 
grammed to encode and decode the serial data 
in four different ways (Figure 6). In NRZ 
encoding, a 1 is represented by a High level 
and a is represented by a Low level. In NRZI 
encoding, a 1 is represented by no change in 
level and a is represented by a change in 
level. In FM1 (more properly, bi-phase mark), 
a transition occurs at the beginning of every 
bit cell. A 1 is represented by an additional 
transition at the center of the bit cell and a is 
represented by no additional transition at the 
center of the bit cell. In FMO (bi-phase space), 
a transition occurs at the beginning of every 
bit cell. A is represented by an additional 
transition at the center of the bit cell, and a 1 
is represented by no additional transition at 
the center of the bit cell. In addition to these 
four methods, the SCC can be used to decode 
Manchester (bi-phase level) data by using the 
DPLL in the FM mode and programming the 
receiver for NRZ data. Manchester encoding 
always produces a transition at the center of 
the bit cell. If the transition is to 1, the bit is 
a 0. If the transition is 1 to 0, the bit is a 1. 



Auto Echo and Local Loopback. The SCC is 

capable of automatically echoing everything it 
receives. This feature is useful mainly in 
Asynchronous modes, but works in Syn- 
chronous and SDLC modes as well. In Auto 
Echo mode, TxD is RxD. Auto Echo mode can 
be used with NRZI or FM encoding with no 
additional delay, because the data stream is 
not decoded bef ore r etransmission. In Auto 
Echo mode, the CTS input is ignored as a 
transmitter enable (although transitions on this 
input can still cause interrupts if programmed 
to do so). In this mode, the transmitter is 
actually bypassed and the programmer is 
resp onsible for disabl ing transmitter interrupts 
and WAIT/REQUEST on transmit. 

The SCC is also capable of local loopback. 
In this mode TxD is RxD, just as in Auto Echo 
mode. However, in Local Loopback mode, the 
internal transmit data is tied to the internal 
receive data and RxD is i gnore d (e xcept to be 
echoed out via TxD). The CTS and DCD 
inputs are also ignored as transmit and receive 
enables. However, transitions on these inputs 
can still cause interrupts. Local Loopback 
works in Asynchronous, Synchronous and 
SDLC modes with NRZ, NRZI or FM coding of 
the data stream. 

I/O Interface Capabilities. The SCC offers 
the choice of Polling, Interrupt (vectored or 
nonvectored) , and Block Transfer modes to 
transfer data, status, and control information to 
and from the CPU. The Block Transfer mode 
can be implemented under CPU or DMA 
control. 

Polling. All interrupts are disabled. Three 
status registers in the SCC are automatically 
updated whenever any function is performed. 
For example, end-of-frame in SDLC mode 
sets a bit in one of these status registers. The 
idea behind polling is for the CPU to 
periodically read a status register until the 
register contents indicate the need for data to 
be transferred. Only one register needs to be 
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Figure 6. Data Encoding Methods 
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read; depending on its contents, the CPU 
either writes data, reads data, or continues. 
Two bits in the register indicate the need for 
data transfer. An alternative is a poll of the 
Interrupt Pending register to determine the 
source of an interrupt. The status for both 
channels resides in one register. 

Interrupts. When an SCC res ponds to a n 
Interrupt Acknowledge signal (INTACK) from 
the CPU, an interrupt vector may be placed on 
the data bus. This vector is written in WR2 and 
may be read in RR2A or RR2B (Figures 10 
and 11). 

To speed interrupt response time, the SCC 
can modify three bits in this vector to indicate 
status. If the vector is read in Channel A, 
status is never included; if it is read in 
Channel B, status is always included. 

Each of the six sources of interrupts in the 
SCC (Transmit, Receive, and External/Status 
interrupts in both channels) has three bits 
associated with the interrupt source: Interrupt 
Pending (IP), Interrupt Under Service (IUS), 
and Interrupt Enable (IE). Operation of the IE 
bit is straightforward. If the IE bit is set for a 
given interrupt source, then that source can 
reguest interrupts. The exception is when the 
MIE (Master Interrupt Enable) bit in WR9 is 
reset and no interrupts may be reguested. The 
IE bits are write only. 

The other two bits are related to the inter- 
rupt priority chain (Figure 7). As a 
microprocessor peripheral, the SCC may 
reguest an interrupt only when no higher 
priority device is reguesting one, e.g., when 
IEI is High. If the device i n gu estion reguests 
an interrupt, i t pulls do wn INT. The CPU then 
responds with INTACK, and the interrupting 
device places the vector on the data bus. 

In the SCC, the IP bit signals a need for 
interrupt servicing. Whe n an IP bit is 1 and 
the IEI input is High, the INT output is pulled 
Low, reguesting an interrupt. In the SCC, if 
the IE bit is not set by enabling interrupts, 
then the IP for that source can never be set. 
The IP bits are readable in RR3A. 

The IUS bits signal that an interrupt reguest 
is being serviced. If an IUS is set, all interrupt 
sources of lower priority in the SCC and 



external to the SCC are prevented from 
reguesting interrupts. The internal interrupt 
sources are inhibited by the state of the inter- 
nal daisy chain, while lower priority devices 
are inhibited by the IEO output of the SCC 
being pulled Low and propagated to subse- 
guent peripherals. An IUS bit is set during an 
Interrupt Acknowledge cycle if there are no 
higher priority devices reguesting interrupts. 

There are three types of interrupts: 
Transmit, Receive, and External/Status. Each 
interrupt type is enabled under program con- 
trol with Channel A having higher priority 
than Channel B, and with Receiver, Transmit, 
and External/Status interrupts prioritized in 
that order within each channel. When the 
Transmit interrupt is enabled, the CPU is 
interrupted when the transmit buffer becomes 
empty. (This implies that the transmitter must 
have had a data character written into it so 
that it can become empty.) When enabled, the 
receiver can interrupt the CPU in one of three 
ways: 

■ Interrupt on First Receive Character or 
Special Receive Condition. 

■ Interrupt on All Receive Characters or 
Special Receive Condition. 

■ Interrupt on Special Receive Condition 
Only. 

Interrupt on First Character or Special Con- 
dition and Interrupt on Special Condition Only 
are typically used with the Block Transfer 
mode. A Special Receive Condition is one of 
the following: receiver overrun, framing error 
in Asynchronous mode, end-of -frame in SDLC 
mode and, optionally, a parity error. The 
Special Receive Condition interrupt is different 
from an ordinary receive character available 
interrupt only in the status placed in the vector 
during the Interrupt Acknowledge cycle. In 
Interrupt on First Receive Character, an inter- 
rupt can occur from Special Receive Condi- 
tions any time after the first receive character 
interrupt. 

The main function of the External/Status 
inte rrupt is to m onit or the signal transitions of 
the CTS, DCD, and SYNC pins; however, an 
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Figure 7. Interrupt Schedule 
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Functional External/Status interrupt is also caused by a 
Description Transmit Underrun condition, or a zero count 
(Continued) in the baud rate generator, or by the detection 
of a Break (Asynchronous mode), Abort (SDLC 
mode) or EOP (SDLC Loop mode) sequence in 
the data stream. The interrupt caused by the 
Abort or EOP has a special feature allowing 
the SCC to interrupt when the Abort or EOP 
sequence is detected or terminated. This 
feature facilitates the proper termination of the 
current message, correct initialization of the 
next message, and the accurate timing of the 
Abort condition in external logic in SDLC 
mode. In SDLC Loop mode, this feature allows 
secondary stations to recognize the wishes of 
the primary station to regain control of the 
loop during a poll sequence. 



CPU/DMA Block Transfer. The SCC provides 
a Block Transfer mode to accommodate CPU 
block transfer functions and DMA contro llers. 
The Block Transfer mode uses the WAIT/ 
REQUEST output in conjunctio n with the 
Wait/Requ est bits in WR1. The WAIT/ 
REQUEST output can be defined under soft- 
ware control as a WAI T line in th e CPU Block 
Transfer mode or as a REQUEST line in the 

DMA Block Transfer mode. 

To a DMA controller, the SCC REQUEST 
output indicates that the SCC is ready to 
tra nsfer d ata to or from memory. To the CPU, 
the WAIT line indicates that the SCC is not 
ready to transfer data, thereby req uestin g that 
the CPU e xtend the I/O cycle. The DTR/ 
REQUEST line allows full-duplex operation 
under DMA control. 
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Architecture The SCC internal structure includes two full- 

duplex channels, two baud rate generators, 
internal control and interrupt logic, and a bus 
interface to a nonmultiplexed bus. Associated 
with each channel are a number of read and 
write registers for mode control and status 
information, as well as logic necessary to inter- 
face to modems or other external devices 
(Figure 8). 

The logic for both channels provides 
formats, synchronization, and validation for 
data transferred to and from the channel inter- 
face. The modem control inputs are monitored 



by the control logic under program control. 
All of the modem control signals are general- 
purpose in nature and can optionally be used 
for functions other than modem control. 

The register set for each channel includes 
ten control (write) registers, two sync- 
character (write) registers, and four status 
(read) registers. In addition, each baud rate 
generator has two (read/write) registers for 
holding the time constant that determines the 
baud rate. Finally, associated with the inter- 
rupt logic is a write register for the interrupt 
vector accessible through either channel, a 
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Architecture write only Master Interrupt Control register 
(Continued) and three read registers: one containing the 

vector with status infomation (Channel B only), 
one containing the vector without status 
(Channel A only), and one containing the 
Interrupt Pending bits (Channel A only). 

The registers for each channel are 
designated as follows: 

WR0-WR15 — Write Registers through 15. 

RR0-RR3, RR10, RR12, RR13, RR15 — Read 
Registers through 3, 10, 12, 13, 15. 

Table 1 lists the functions assigned to each 
read or write register. The SCC contains only 
one WR2 and WR9, but they can be accessed 
by either channel. All other registers are 
paired (one for each channel). 

Data Path. The transmit and receive data path 
illustrated in Figure 9 is identical for both 
channels. The receiver has three 8- bit buffer 
registers in an FIFO arrangement, in addition 
to the 8-bit receive shift register. This scheme 
creates additional time for the CPU to service 
an interrupt at the beginning of a block of 
high speed data. Incoming data is routed 
through one of several paths (data or CRC) 
depending on the selected mode (the character 
length in Asynchronous modes also determines 
the data path). 

The transmitter has an 8-bit Transmit Data 
buffer register loaded from the internal data 
bus and a 20-bit Transmit Shift register that 
can be loaded either from the synchronous 
character registers or from the Transmit Data 
register. Depending on the operational mode, 
outgoing data is routed through one of four 
main paths before it is transmitted from the 
Transmit Data output (TxD) 



Read Register Functions 



RRO Transmit/Receive buffer status and External status 

RR1 Special Receive Condition status 

RR2 Modified interrupt vector (Channel B only) 

Unmodified interrupt vector (Channel A only) 

RR3 Interrupt Pending bits (Channel A only) 

RR8 Receive buffer 

RR10 Miscellaneous status 

RR12 Lower byte of baud rate generator time constant 

RR13 Upper byte of baud rate generator time constant 

RR15 External/Status interrupt information 



Write Register Functions 



WRO CRC initialize, initialization commands for the 
various modes, Register Pointers 

WR1 Transmit/Receive interrupt and data transfer mode 

definition 
WR2 Interrupt vector (accessed through either channel) 
WR3 Receive parameters and control 

WR4 Transmit/Receive miscellaneous parameters and 
modes 

WR5 Transmit parameters and controls 

WR6 Sync characters or SDLC address field 

WR7 Sync character or SDLC flag 

WR8 Transmit buffer 

WR9 Master interrupt control and reset (accessed 

through either channel) 

WR10 Miscellaneous transmitter/receiver control bits 

WR11 Clock mode control 

WR12 Lower byte of baud rate generator time constant 

WR13 Upper byte of baud rate generator time constant 

WR14 Miscellaneous control bits 

WR15 External/Status interrupt control 

Table 1. Read and Write Register Functions 
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Programming The SCC contains 13 write registers in each 
channel that are programmed by the system 
separately to configure the functional per- 
sonality of the channels. 

In the SCC, register addressing is direct for 
the data registers_only, which are selected by 
a High on the D/C pin. In all other cases (with 
the exception of WRO and RRO), programming 
the write registers requires two write opera- 
tions and reading the read registers requires 
both a write and a read operation. The first 
write is to WRO and contains three bits that 
point to the selected register. The second write 
is the actual control word for the selected 
register, and if the second operation is read, 



the selected read register is accessed. All of 
the registers in the SCC, including the data 
registers, may be accessed in this fashion. The 
pointer bits are automatically cleared after the 
read or write operation so that WRO (or RRO) is 
addressed again. 

The system program first issues a series of 
commands to initialize the basic mode of 
operation. This is followed by other commands 
to qualify conditions within the selected mode. 
For example, the Asynchronous mode, 
character length, clock rate, number of stop 
bits, even or odd parity might be set first. 
Then the interrupt mode would be set, and 
finally, receiver or transmitter enable. 
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Read Registers. The SCC contains eight read 
registers (actually nine, counting the receive 
buffer (RR8) in each channel). Four of these 
may be read to obtain status information (RRO, 
RR1, RR10, and RR15). Two registers (RR12 
and RR13) may be read to learn the baud rate 
generator time constant. RR2 contains either 
the unmodified interrupt vector (Channel A) or 
the vector modified by status information 



(Channel B). RR3 contains the Interrupt Pen- 
ding (IP) bits (Channel A). Figure 10 shows 
the formats for each read register. 

The status bits of RRO and RR1 are carefully 
grouped to simplify status monitoring; e.g., 
when the interrupt vector indicates a Special 
Receive Condition interrupt, all the appro- 
priate error bits can be read from a single 
register (RR1). 



Read Register 

j D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D 1 | D | 



Lb 
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CHARACTER AVAILABLE 
ZERO COUNT 
Tx BUFFER EMPTY 
DCD 

SYNC/HUNT 
CTS 

Tx UNDERRUN/EOM 
BREAK/ABORT 



Read Register 10 
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Read Register 1 

| D 7 | D 6 | D 5 | P„ | D 3 | D 2 | D 1 | D | 
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ALL SENT 
RESIDUE CODE 2 
RESIDUE CODE 1 
RESIDUE CODE 
PARITY ERROR 
Rx OVERRUN ERROR 
CRC/FRAMING ERROR 
END OF FRAME (SDLC) 



Read Register 12 
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Read Register 2 
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Read Register 3 
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CHANNEL B Tx IP* 
CHANNEL B Rx IP* 
CHANNEL A EXT/STAT IP* 
CHANNEL A Tx IP* 
CHANNEL A Rx IP* 



•ALWAYS IN B CHANNEL 



Read Register 13 
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Read Register 15 
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Figure 10. Read Register Bit Functions 
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Programming Write Registers. The SCC contains 13 write 
(Continued) registers (14 counting WR8, the transmit 

buffer) in each channel. These write registers 
are programmed separately to configure the 
functional "personality" of the channels. In 
addition, there are two registers (WR2 and 



WR9) shared by the two channels that may be 
accessed through either of them. WR2 contains 
the interrupt vector for both channels, while 
WR9 contains the interrupt control bits. Figure 
11 shows the format of each write register. 



Write Register 

| D 7 | D, | D s 1 D 4 | D 3 | D 2 | D, | D "| 



0__0__0 

o__o. _! 

0__1_ JB 
0__L_1 
1__0__0 

L_L_1 

1_J__0 

i__L_l 

0__0__0 
0__0__1 

0__1__0 
0_ J__1 

1__0__0 

i.JL_l 

1 1 



REGISTER 
REGISTER 1 
REGISTER 2 
REGISTER 3 
REGISTER 4 
REGISTER 5 
REGISTER 6 
REGISTER 7 
REGISTER 8 
REGISTER 9 
REGISTER 10 
REGISTER 11 
REGISTER 12 
REGISTER 13 
REGISTER 14 
REGISTER 15 



NULL CODE 

POINT HIGH 

RESET EXT/STAT INTERRUPTS 

SEND ABORT (SDLC) 

ENABLE INT ON NEXT Rx CHARACTER 

RESET TxINT PENDING 

ERROR RESET 

RESET HIGHEST IUS 



NULL CODE 

RESET Rx CRC CHECKER 
RESET Tx CRC GENERATOR 
RESET Tx UNDERRUN/EOM LATCH 



'WITH POINT HIGH COMMAND 



Write Register 1 



0710610510410310310,100] 

L 



0__0 

1 

1 



L L 



EXT INT ENABLE 
Tx INT ENABLE 
PARITY IS SPECIAL CONDITION 



Rx INT DISABLE 

Rx INT ON FIRST CHARACTER OR SPECIAL CONDITION 
INT ON ALL Rx CHARACTERS OR SPECIAL CONDITION 
Rx INT ON SPECIAL CONDITION ONLY 

WAIT/DMA REQUEST ON RECEIVE/TRANSMIT 

WAIH/DMA REQUEST FUNCTION 

WAIT/DMA REQUEST ENABLE 



Write Register 3 

| D 7 | D 6 | D 5 I D 4 I D 3 | D 2 I D, | Dp] 

L 





<r 1 

1~~0 



L^ 



Rx ENABLE 

SYNC CHARACTER LOAD INHIBIT 

- ADDRESS SEARCH MODE (SDLC) 
• Rx CRC ENABLE 

- ENTER HUNT MODE 

- AUTO ENABLES 



Rx 5 BITS/CHARACTER 
Rx 7 BITS/CHARACTER 
Rx 6 BITS/CHARACTER 
Rx 8 BITS/CHARACTER 



Write Register 4 

[ D 7 | D 6 | D 5 | D 4 J D 3 | D 2 I D 1 | D | 



0__0 
1 



PARITY ENABLE 
PARITY EVEN/ODD 



CO 

o 

8 



SYNC MODES ENABLE 
1 STOP BIT/CHARACTER 

1 Vt STOP BITS/CHARACTER 

2 STOP BITS/CHARACTER 



8 BIT SYNC CHARACTER 
16 BIT SYNC CHARACTER 
SDLC MODE (01111110 FLAG) 
EXTERNAL SYNC MODE 



X1 CLOCK MODE 
X16 CLOCK MODE 
X32 CLOCK MODE 
X64 CLOCK MODE 



Write Register 5 

10710610510410310210,7071 




0~~1 

1 



Lh 



Tx CRC ENABLE 
RTS 

- SDLC/CRC16 

- Tx ENABLE 

- SEND BREAK 



Tx 5 BITS (OR LESS)/CHARACTER 
Tx 7 BITS/CHARACTER 
Tx 6 BITS/CHARACTER 
Tx 8 BITS/CHARACTER 



- DTR 



Write Register 2 



D 7 D 6 D 5 D 4 D 3 D 2 D, D„ 



I vi 



INTERRUPT 
VECTOR 



SYNC 7 SYNCe 

SYNCi SYNCo 

SYNC 7 SYNCe 

SYNC3 SYNC 2 

ADR 7 ADR 6 

ADR 7 ADR 6 



Write Register 6 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | D | 



SYNC 5 
SYNC5 
SYNC 5 
SYNCi 
ADR 5 
ADRs 



SYNC 4 
SYNC 4 
SYNC, 
SYNCo 
ADR 4 
ADR 4 



r n 



SYNC3 
SYNC 3 
SYNC3 



SYNC 2 
SYNC 2 
SYNC 2 



SYNCi 
SYNd 
SYNCi 



SYNCo 
SYNCo 
SYNCo 



MONOSYNC, 8 BITS 
MONOSYNC, 6 BITS 
BISYNC, 16 BITS 
BISYNC, 12 BITS 
SDLC 
SDLC 
(ADDRESS RANGE) 



Figure 11. Write Register Bit Functions 
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Programming 

(Continued) 



Write Register 7 

| D 7 | D 6 [ D s | D 4 [ P 3 1 P 2 J D^ | Dp ] 

L_ 



r n 



SYNC 7 


SYNC 6 


SYNC5 


SYNC 4 


SYNC3 


SYNC2 


SYNC1 


SYNCo 


MONOSYNC, 8 BITS 


SYNC 5 


SYNC4 


SYNC 3 


SYNC 2 


SYNC1 


SYNCo 






MONOSYNC, 6 BITS 


SYNCi 5 


SYNC14 


SYNC13 


SYNC12 


SYNCn 


SYNC10 


SYNC9 


SYNCs 


BISYNC, 16 BITS 


SYNCn 



SYNC 10 
1 


SYNCg 

1 


SYNC 8 
1 


SYNC7 
1 


SYNCs 

1 


SYNC5 

1 


SYNC4 



BISYNC, 12 BITS 
SDLC 



Write Register 9 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D 1 | D | 



0__0 
1 

T~ 



u 



- DLC 

- MIE 

- STATUS HIGH/STATUS LOW 



NO RESET 
CHANNEL RESET B 
CHANNEL RESET A 
FORCE HARDWARE RESET 



Write Register 12 

I D 7 1 D 6 1 D 5 I D 4 1 D 3 1 P 2 J D, J D | 

L 



TC 

TC1 

- TC 2 

■ TC3 

• TC 4 

• TC5 

• TC 6 



Write Register 13 



Write Register 10 

I D 7 I D 6 I D 5 I D 4 J D 3 J D 2 J D 1 | D„ { 

L 



0__0 
0__1 
1 



6 BIT/8~BTf SYNC 

LOOP MODE 

ABORT/FLAG" ON UNDERRUN 

MARK/FLAG IDLE 

GO ACTIVE ON POLL 



NRZ 

NRZI 

FM1 (TRANSITION = 1) 

FMO (TRANSITION = 0) 



- CRC PRESET I/O 



Write Register 11 

| D 7 | D 6 | D 5 [ D 4 | D 3 | D 2 | D, [ Dp | 



0__0 
0__1 
1 



0__0 

1 

1 



TRxC OUT = XTAL OUTPUT 
TRxC OUT = TRANSMIT CLOCK 
TRxC OUT = BR GENERATOR OUTPUT 
TRxC OUT = DPLL OUTPUT 
TRxCO/l 

TRANSMIT CLOCK = RTxC PIN 

TRANSMIT CLOCK = TRxC PIN 

TRANSMIT CLOCK = BR GENERATOR OUTPUT 

TRANSMIT CLOCK = DPLL OUTPUT 



RECEIVE CLOCK = RTxC PIN 

RECEIVE CLOCK = TRxC PIN 

RECEIVE CLOCK = BR GENERATOR OUTPUT 

RECEIVE CLOCK = DPLL OUTPUT 



- RTxC XTAL/NO XTAL 



| D 7 | P 6 I D s | D 4 j P 3 [ P 2 J D^ ( Dp | 

L TC 8 



L^ 



Write Register 14 



| D 7 | D 6 I D 6 | D 4 | D 3 I D 2 I D 1 | D | 



o_-L_£ 

0__0__1 

0_J__0 

1 1 

1 
1 1 
1 1 



Lb 



L- BR GENERATOR ENABLE 
BR GENERATOR SOURCE 
DTI/REQUEST FUNCTION 



■ AUTO ECHO 

- LOCAL LOOPBACK 



NULL COMMAND 

ENTER SEARCH MODE 

RESET MISSING CLOCK 

DISABLE DPLL 

SET SOURCE = BR GENERATOR 

SET SOURCE = RTxC 

SET FM MODE 

SET NRZI MODE 



Write Register 15 



D 7 D 6 D 5 D 4 D 3 D 2 D 1 Dp 



Vz 



L. 



ZERO COUNT IE 

- 

- DCD IE 

- SYNC/HUNT IE 

- CTS IE 

- Tx UNDERRUN/EOM IE 

- BREAK/ABORT IE 



Figure 11. Write Register Bit Functions (Continued) 
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Timing Th e SC C generates internal control signals 

from WR and RD that are related to PCLK. 
Since PCLK has no phase relationship with 
WR and RD, the circuitry generating these 
internal control signals must provide time for 
metastable conditions to disappear. This gives 
rise to a recovery time related to PCLK. The 
recovery time applies only between bus trans- 
actions involving the SCC. The recovery time 
required for proper operation is specified from 
the rising edge of WR or RD in the first trans- 



action involving the SCC to the falling edge of 
WR or RD in the second transaction involving 
the SCC. This time must be at least 6 PCLK 
cycles plus 200 ns. 

Read Cycle Timing. Figure 12 illustrates _ 
Read cycle timin g. Addres ses on A/B and D/C 
and the status on INTACK must remain stable 
throughout the cycle^If CE falls after RD fall s 
or if it rises before RD rises, the effective RD is 
shortened. 



ADDRESS VALID 



n 



x 



r 



\ 



y 



x 



DATA VALID 



Figure 12. Read Cycle Timing 



Write Cycle Timing. Figure 13 illustrates _ 
Write cycle timin g. Addre sses on A/B and D/C 
and the status on INTACK must remain stable 



throughout the cycle. If CE falls after WR falls 
or if it rises before WR rises, the effective WR 
is shortened. 



ADDRESS VALID 



XZ 



X 



\ 



JL 



\ 



f 



Figure 13. Write Cycle Timing 



Interrupt Acknowledge Cycle Timing. Figure 
14 illustrates Interrupt A cknowledg e cycle 
timing. Between the time INTACK goes Low 
and the falling edge of RD, the internal and 
external IEI/IEO daisy chains settle. If there is 
an interrupt pending in the SCC and IEI is 



High when RD falls, the Acknowledge cycle is 
intended for the SCC. In this case, the SCC 
may be programmed to respond to RD Low by 
placing its interrupt vector on D0-D7 and it 
then sets the appropriate Interrupt- Under- 
Service latch internally. 



-/>- 



-/>- 



\ 



f 



f 



-fj- 



< ) f vE°™ ) - 



Figure 14. Interrupt Acknowledge Cycle Timing 



2023-005, 006, 007 



853 



Absolute Voltages on all pins with respect 

Maximum toGND -0.3V to +7.0V 

Ratings Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°Cto + 150°C 



Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



Standard 

Test 

Conditions 



The DC characteristics and capacitance sec- 
tion below apply for the following standard test 
conditions, unless otherwise noted. All voltages 
are referenced to GND. Positive current flows 
into the referenced pin. 

Standard conditions are as follows: 



GND = V 

Ta as specified in Ordering Information 



The Ordering Information section lists temper- 
ature ranges and product numbers. Package 
drawings are in the Package information section 
in this book. Refer to the Literature List for addi- 
tional documentation. 

All ac parameters assume a load capacitance 
of 50 pf max. 




Figure 15. Standard Test Load 



Figure 16. Open-Drain Test Load 



DC 


Symbol 


Parameter 


Min 


Max 


Unit 


Condition 


Charac- 














teristics 


VlH 


Input High Voltage 


2.0 


Vcc + 0.3 


V 






VlL 


Input Low Voltage 


-0.3 


0.8 


V 






VOH 


Output High Voltage 


2.4 




V 


Iqh= -250/aA 




Vol 


Output Low Voltage 




0.4 


V 


Iql= +2.0 mA 




Iil 


Input Leakage 




±10.0 


fiA 


0.4 < V IN < +2.4V 




Iol 


Output Leakage 




±10.0 


»A 


0.4 < Vqut ^ +2.4V 




Ice 


Vqc Supply Current 




250 


mA 






V C C= 5 V i 


: 5% unless otherwise specified, over specified temperature 


range 






Capacitance 


Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 




ClN 


Input Capacitance 




10 


pF 






Qdut 


Output Capacitance 




15 


pF 






Q/o 


Bidirectional Capacitance 




20 


P F 





f = 1 MHz, over specified temperature range 
Unmeasured pins returned to ground. 
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Read and 

Write 

Timing 



<~\-^~\_ 



3^^ \ J 

© * (D- k - 




CJ1 

GO 

o 

CO 

8 



No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*f 



1 


TwPCl 


2 


TwPCh 


3 


TfPC 


4 


TrPC 


5- 


-TcPC 


6 


TsA(WR) 


7 


ThA(WR) 


8 


TsA(RD) 


9 


ThA(RD) 


lO- 


-TsIA(PC) 


ll 


TsIAi(WR) 


12 


ThlA(WR) 


13 


TsIAi(RD) 


14 


ThlA(RD) 


15- 


Tl-iTTWPf'V. 




16 


TsCEl(WR) 


17 


ThCE(WR) 


18 


TsCEh(WR) 


19 


TsCEl(RD) 


20- 


ThCE(RD) 


21 


TsCEh(RD) 


22 


TwRDl 


23 


TdRD(DRA) 


24 


TdRDr(DR) 


25 


TdRDf(DR) 


26 


TdRD(DRz) 



PCLK Low Width 
PCLK High Width 
PCLK Fall Time 
PCLK Rise Time 

PCLK CycleTime 

Address to WR i Setup Time 
Address to WR t Hold Time 
Address to RD I Setup Time 
Address to RD t Hold Time 
INTACK to PCLK t Setup Time - 
INTACK to WR i Setup Time 
INTACK to WR I Hold Time 
INTACK to RD I Setup Time 
INTACK to RD t Hold Time 
JNTACK to PCLK t Hold Time - 
CE Low to WR 1 Setup Time 
CE to WR t Hold Time 
CE High to WR I Setup Time 
CE Low to RD J Setup Time 
CE to RD t Hold Time 



CE High to RD I Setup Time 
RD Low Width 

RD I to Read Data Active Delay 
RD t to Read Data Not Valid Delay 
RD I to Read Data Valid Delay 
RD t to Read Data Float Delay 



105 
105 



-250- 
80 


80 



— 0- 
200 


200 


-100- 




100 



— 0- 
100 
390 






2000 

2000 

20 

20 

-4000- 



250 
70 



70J 
70J 



-165° 
80 


80 



— 0- 
160 



160 



-100- 





70 



— 0- 
70 

250 





1000 

1000 

10 

15 

-2000- 



180 
45 



NOTES: 

1 . Parameter does not apply to Interrupt Acknowledge transactions. 

2. Float delay is defined as the time required for a ± 0.5 V change 
in the output with a maximum dc load and minimum ac load. 



* Timings are preliminary and subject to change. 

t Units in nanoseconds (ns). 

X Parameter equals 64 ns for Z8530A SL436 version compatible with Tl operation. 

Parameter equals 153 ns for Z8530A SL436 version compatible with Tl operation. 
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Interrupt 

Acknowledge 

Timing 




Reset 
Timing 




Cycle 
Timing 



y 



j 



-/>- 



-®- 



"V 



s 



-ff- 



\ 



\ 



No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*f 



27 TdA(DR) Address Required Valid to Read Data Valid Delay 

28 TwWRl WR Low Width 

29 TsDW(WR) Write Data to WR I Setup Time 

30 ThDW(WR) Write Data to WR t Hold Time 

31 — TdWR(W) WR i to Wait Valid Delay 

32 TdRD(W) RD_i to Wait Valid Delay 

33 TdWRf(REQ) WR I to W/REQ Not Valid Delay 

34 TdRDf (REQ) RD_ J to W/REQ No t Valid Delay 

35 TdWRr(REQ) WR t to DTR/REQ Not Valid Delay 



36 — TdRDr(REQ) RD t to DTR/REQ Not Valid Delay - 



TdPC(INT) 

TdlAi(RD) 

TwRDA 

TdRDA(DR)- 

TsIEI(RDA) 

ThlEI(RDA) 

TdlEI(IEO) 

TdPC(IEO) 

TdRDA(INT)- 

46 TdRD(WRQ) 

47 TdWRQ(RD) 

48 TwRES 

49 Trc 



RD t to WR I Delay for No Reset 
WR t to RD I Delay for No Reset 
WR and RD Coincident Low for Reset 
Valid Access Recovery Time 



390 





PCLK I to INT Valid Delay 

INJACK to RD i (Acknowledge) Delay 250 

RD (Acknowledge) Width 285 

- RD 1 (Acknowledge) to Read Data Valid Delay 

IEI to RD i (Acknowledge) Setup Time 120 

IEI to RD t (Acknowledge) Hold Time 

IEI to IEO Delay Time 

PCLK t to IEO Delay 

- RD i to INT Inactive Delay - 



590 



— 240- 

240 

240 

240 

5TcPC 

+ 300 

- 5TcPC - 

+ 300 

500 



-190- 



120 

250 

-500- 



30 

30 

250 

6TcPC 

+ 200 



250 





250 
250 



100 




420 



— 200- 

200 

200 

200 

5TcPC 

+ 250 

-5TcPC- 

+ 250 

500 



-180- 



100 

250 

-500- 



15 

30 

250 

6TcPC 

+ 130 



-4 — 



NOTES: 

3. Parameter applies only between transactions involving the SCC. 

4. Open-drain output, measured with open-dram test load. 

5. Parameter is system dependent. For any SCC m the daisy 
chain, TdlAi(RD) must be greater than the sum of TdPC(IEO) 
for the highest priority device in the daisy chain, TsIEI(RDA) 



for the SCC, and TdlEIf(IEO) for each device separating them 

in the daisy chain. 
* Timings are preliminary and subject to change. 
f Units m nanoseconds (ns). 
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General 
Timing 




RTxC, TRxC 

RECEIVE 



SYNC 

EXTERNAL . 



TRxC, RTxC 

TRANSMIT 



TRxC 

OUTPUT 



CT8, DCD, Rl 



SYNC 

INPUT 



X 



<*®*- 



\ 



* 



-//- 



-®- 



J 



\ 



-®- 



■\ f 



1 



J 



1 



-®- 



X 



-®- 



if 



-<!§>- 
-<2)- 



^ (5) m\ h< ® H 

^ @ ► 



/" 



,, — @ — +\ \+ — ® — »\ 



\. 



\ 



\. 



8 

01 
CO 

o 

CO 

8 
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4 MHz 


6 MHz 




No. 


Symbol 


Parameter 


Min 


Max 


Min 


Max 


Notes*t 


1 


TdPC(REQ) 


PCLK i to W/REQ Valid Delay 




250 




250 




2 


TdPC(W) 


PCLK i to Wait Inactive Delay 




350 




350 




3 


TsRXC(PC) 


RxC t to PCLK t Setup Time (PCLK + 


4 case only) 80 


TwPCl 


70 


TwPCl 


1,4 


4 


TsRXD(RXCr) 


RxD to RxC t Setup Time (XI Mode) 












1 


5- 


-ThRXD(RXCr)- 


- RxD to RxC t Hold Time (XI Mode) — 


150- 




150- 




1 — 


6 


TsRXD(RXCf) 


RxD to RxC i Setup Time (XI Mode) 












1,5 


7 


ThRXD(RXCf) 


RxD to RxC J Hold Time (XI Mode) 


150 




150 




1,5 


8 


TsSY(RXC) 


SYNC to RxC t Setup Time 


-200 




-200 




1 


9 


ThSY(RXC) 


SYNC to RxC t Hold Time 


3TcPC 
+ 200 




3TcPC 
+ 200 




1 


lO- 


-TsTXC(PC) 


- TxC 1 to PCLK t Setup Time 


0- 




o- 




2,4— 


ll 


TdTXCf(TXD) 


TxC i to TxD Delay (XI Mode) 




300 




230 


2 


12 


TdTXCr(TXD) 


TxC 1 to TxD Delay (XI Mode) 




300 




230 


2,5 


13 


TdTXD(TRX) 


TxD to TRxC Delay (Send Clock Echo) 




200 




200 




14 


TwRTXh 


RTxC High Width 


180 




180 




6 


15- 


- TwRTXl 


- RTxC Low Width 


180- 




180- 




6 — 


16 


TcRTX 


RTxC Cycle Time 


400 




400 




6 


17 


TcRTXX 


Crystal Oscillator Period 


250 


1000 


250 


1000 


3 


18 


TwTRXh 


TRxC High Width 


180 




180 




6 


19 


TwTRXl 


TRxC Low Width 


180 




180 




6 


20- 


-TcTRX 


- TRxC Cycle Time 


400- 




400- 




6 — 


21 


TwEXT 
TwSY 


DCD or CTS Pulse Width 


200 
200 




200 
200 






22 


SYNC Pulse Width 





s supplying the receive 



NOTES: 

1 . RxC is RTxC or TRxC, whichever u 
cloc k. 

2. TxC is TRxC or RTxC, whichever is supplying the transmit 
clock; 

3. Both RTxC and SYNC have 30 pF capacitors to ground con- 
nected to them. 

4. Parameter applies only if the data rate is one-fourth th e PC LK 
rate. In a ll oth er cases, no phase relationship between RxC and 
PCLK or TxC and PCLK is required. 



5. Parameter applies only to FM encoding/decoding. 

6. Parameter applies only for transmitter and receiver; DPLL and 
baud rate generator timing requirements are identical to chip 
PCLK requirements. 

* Timings are preliminary and subject to change, 
t Units in nanoseconds (ns). 
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System 












\ 






\ 




Timing 


RTxC, TRxC / \ 

RECEIVE / \ 


/ 




/ 








W/RIQ 

REQUEST 

W/RBQ 

WAIT 








fft 


\ 






\ 












<V 






► 
















m ^ 








w 








SYNC 

OUTPUT 






*— c 


,> 








y 










INT 








(T\ 


\ 




















{*J 






RTxC.fSxC \ /" 
TRANSMIT \ / 




\ 


/ 


\ 

' 


/ 
















W/REQ 

REQUEST 

W/REQ 

WAIT 








<^> 


\ 








(V 






























* 


w 








DTR/REQ 

REQUEST 






*-< 


-> 








\r 










INT 








(1) 


\ 




















K*J 






CTS, DCD.RT 


{. 
























SYNC 

INPUT 


A 


K 










r 










* 


^ 


" 






INT 


\ 




















\uy 






No. Symbol 


Parameter 








4 

Min 


MHz 
Max 


Min 


5 MHz 
Max 


Notes*t 


1 TdRXC(REQ) 

2 TdRXC(W) 

3 TdRXC(SY) 

4 TdRXC(INT) 

5 — TdTXC(REQ)- 
G TdTXC(W) 

7 TdTXC(DRQ) 

8 TdTXC(INT) 

9 TdSY(INT) 
10 TdEXT(INT) 


RxC t to W/REQ Valid Delay 
RxC 1 to Wait Inactive Delay 
RxC t to SYNC Valid Delay 
RxC t to INT Valid Delay 

— TxC 1 to W/REQ Valid Delay 

TxC J to Wait Inactive Delay 
T^C l to DTR/REQ Valid Delay 
TxC i to INT Valid Delay 
SYNC Transition to INT Valid Delay 
DCD or CTS Transition to INT Valid 


D€ 


slay 




8 
8 
4 
10 
__5_ 
5 
4 
6 
2 
2 


12 
12 

7 

16 

8 

8 

7 
10 

6 

6 


8 
8 
4 
10 

5- 

5 
4 
6 
2 
2 


12 
12 

7 
16 
8 

8 

7 
10 

6 

6 


2 
1,2 

2 
1,2 

3 — 

1,3 

3 
1,3 

1 

1 



01 

o 



NOTES- 

1 Ope n- drain o ut put, me asured with open-drain test load 

2 RxC is RTxC or TRxC, whichever is supplying the receive 
clock 

3 TxC is TRxC or RTxC, whichever is supplying the transmit 
clock 



* Timings are preliminary and subject to change 
t Units egual to TcPC 
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ORDERING INFORMATION 



40-pin DIP 

Z8530 PS 
Z8530 CS 
Z8530 PE 
Z8530 CE 
Z8530CM* 
Z8530CMB* 



Z8530SCC,4.0MHz 
44-pin LCC 

Z8530LM* 
Z8530LMB*f 



44-pin PCC 

Z8530VS 



40-pin DIP 

Z8530A PS 

Z8530ACS 

Z8530A PE 

Z8530ACE 

Z8530ACM* 

Z8530ACMB* 



Z8530ASCC,6.0MHz 
44-pin LCC 

Z8530ALM* 
Z8530ALMB*f 



44-pin PCC 

Z8530AVS 



Z8530A SCC, 6.5 MHz- 
40-pin DIP 

Z8530APSSL436 
Z8530ACSSL436 



-T1 Compatible 



44-pin PCC 

Z8530AVSSL436 



Codes 



First letter is for package; second letter is for temperature. 



= Ceramic DIP 
= Plastic DIP 
= Ceramic LCC 
= Plastic PCC 



TEMPERATURE 
S =0°Cto+70°C 
E = -40°Cto+85°C 
M*= -55°Cto+125°C 

Example: PS is a plastic DIP, 0°C to + 70°C. 



fAvailablesoon. 

*For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC - Plastic Chip Carrier (Leaded) 

FLOW 

B = 883 Class B 
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Features ■ Two independent, to 1M bit/second, full- 

duplex channels, each with a separate 
crystal oscillator and baud rate generator. 

■ Programmable for NRZ, NRZI, or FM data 
encoding. 

■ Local Loopback and Auto Echo modes. 



Asynchronous communications with five to 
eight bits per character and one, one and 
one- half, or two stop bits per character; pro- 
grammable clock factor; break detection 
and generation; parity, overrun, and 
framing error detection. 



General The Z8531 ASCC Asynchronous Serial 

Description Communications Controller is a dual- channel, 
multi-protocol data communications peripheral 
designed for use with conventional non- 
multiplexed buses. The ASCC functions as a 
serial-to-parallel, parallel-to-serial con- 
verter/controller. The device contains a variety 
of new, sophisticated internal functions in- 
cluding on-chip baud rate generators and 
crystal oscillators that dramatically reduce the 
need for external logic. 

The ASCC also has facilities for modem con- 
trols in both channels. In applications where 
these controls are not needed, the modem con- 
trols can be used for general-purpose I/O. 

The Z-BUS daisy-chain interrupt hierarchy is 
also supported — as is standard for Zilog 
peripheral components. 
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Pin The follpwing section describes the pin 

Description functions of the ASCC. Figures 1 and 2 detail 

the respective pin functions and pin 

assignments. 

A/B. Channel A/Channel B Select (input). 
This signal selects the channel in which the 
read or write operation occurs. 

CE. Chip Enable (input, active Low). This 
signal selects the ASCC for a read or write 
operation. 



CTSA, CTSB. Clear To Send (inputs, active 
Low). If these pins are programmed as Auto 
Enables, a Low on the inputs enables the 
respective transmitters. If not programmed as 
Auto Enables, they may be used as general- 
purpose inputs. Both inputs are Schmitt- trigger 
buffered to accommodate slow rise-time inputs. 
The ASCC detects pulses on these inputs and 
can interrupt the CPU on both logic level 
transitions. 

D/C. Data/Control Select (input). This signal 
defines the type of information transferred to 
or from the ASCC. A High means data is 
transferred; a Low indicates a command. 



DCDA, DCDB. Data Carrier Detect (inputs, 
active Low). These pins function as receiver 
enables if they are programmed for Auto 
Enables; otherwise they may be used as 
general-purpose input pins. Both pins are 
Schmitt- trigger buffered to accomodate slow 
rise- time signals. The ASCC detects pulses on 
these pins and can interrupt the CPU on both 
logic level transitions. 

D0-D7. Data Bus (bidirectional, 3-state). These 
lines carry data and commands to and from 
the ASCC. 



DTR/REQA, DTR/REQB. Data Terminal 
Ready/Request (outputs, active Low). These 
outputs follow the state programmed into the 
DTR bit. They can also be used as general- 
purpose outputs or as Request lines for a DMA 
controller. 

IEI. Interrupt Enable In (input, active High). 
IEI is used with IEO to form an interrupt daisy 
chain when there is more than one interrupt- 
driven device. A High IEI indicates that no 
other higher priority device has an interrupt 
under service or is requesting an interrupt. 

IEO. Interrupt Enable Out (output, active 
High). IEO is High only if IEI is High and the 
CPU is not servicing an ASCC interrupt or the 
ASCC is not requesting an interrupt (Interrupt 
Acknowledge cycle only). IEO is connected to 
the next lower priority device's IEI input and 
thus inhibits interrupts from lower priority 
devices. 

INT. Interrupt Request (output, open-drain, 
active Low) . This signal is activated when the 
ASCC requests an interrupt. 



INTACK. Interrupt Acknowledge (input, active 
Low). This signal indicates an active Interrupt 
Acknowledge cycle. During this cycle, the 
ASCC interrupt daisy chain settles. When RD 
becomes active, the ASCC places an interrupt 
vector on the data bus (if IEI is High). 
INTACK is latched by the rising edge 
of PCLK. 

PCLK. Clock (input). This is the master ASCC 
clock used to synchronize internal signals; 
PCLK is a TTL level signal. 

RD. Read (input, active Low). This signal indi- 
cates a read operation and when the ASCC is 
selected, enables the ASCC's bus drivers. 
During the Interrupt Acknowledge cycle, this 
signal gates the interrupt vector onto the bus 
if the ASCC is the highest priority device 
requesting an interrupt. 

RxDA, RxDB. Receive Data (inputs, active 
High). These input signals receive serial data 
at standard TTL levels. 

RIA, RIB. Ring Indicator (inputs, active Low). 
These pins can act either as inputs, or part of 
the crystal oscillator circuit. In normal mode 
(crystal oscillator option not se lect ed), th ese 
pins are inputs similar to CTS and DCD. In 
this mode, transitions on these lines affect the 
state of the Ring Indicator status bits in Read 
Register (Figure 8) but have no other func- 
tion. 



RTxCA, RTxCB. Receive/Transmit Clocks 
(inputs, active Low). These pins can be pro- 
grammed in several dif ferent modes of opera- 
tion. In each channel, RTxC may supply the 
receive clock, the transmit clock, the clock for 
the baud rate generator, or the clock for the 
Digital Phase-Locked Loop. These pins can 
also_be programmed for use with the respec- 
tive RI pins as a crystal oscillator. The receive 
clock may be 1, 16, 32, or 64 times the data 
rate in Asynchronous modes. 



RTSA, RTSB. Request To Send (outputs, 
active Low). When the Request To Send (RTS) 
bit i n Write Register 5 (Figure 9) is set, the 
RTS signal goes Low. When the RTS bit is 
reset in the Asynchronous mode and Auto 
Enable is on, the signal goes High after the 
tran smitter is empty. With Auto Enable off, the 
RTS pin strictly follows the state of the RTS bit. 
Both pins can be used as general- purpose 
outputs. 

TxDA, TxDB. Transmit Data (outputs, active 
High). These output signals transmit serial data 
at standard TTL levels. 



TRxCA, TRxCB. Transmit/Receive Clocks 
(inputs or outputs, active Low). These pins can 
be progra mmed in several different modes of 
operation. TRxC may supply the receive clock 
or the transmit clock in the input mode or sup- 
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Pin ply the output of the Digital Phase- Locked 

Description Loop, the crystal oscillator, the baud rate 
(Continued) generator, or the transmit clock in the output 
mode. 

WR. Write (input, active Low). When the 
ASCC is selected, this signal indicates a w rite 
operation. The coincidence of RD and WR is 
interpreted as a reset. 



W/REQA, W/REQB. Wait/Request (outputs, 
open-drain when programmed for a Wait func- 
tion, driven High or Low when programmed 
for a Request function). These dual-purpose 
outputs may be programmed as Request lines 
for a DMA controller or as Wait lines to syn- 
chronize the CPU to the ASCC data rate. The 
reset state is Wait. 



Functional The functional capabilities of the ASCC 

Description can be described from two different points 
of view: as a data communications device, 
it transmits and receives data in a wide 
variety of data communications protocols; as a 
microprocessor peripheral, the ASCC offers 
valuable features such as vectored interrupts, 
polling, and simple handshake capability. 

Data Communications Capabilities. The 

ASCC provides two independent full- duplex 
channels programmable for use in any com- 
mon Asynchronous data communication pro- 
tocol. Figure 3 and the following description 
briefly detail this protocol. 
Asynchronous Modes. Transmission and 
reception can be accomplished independently 
on each channel with five to eight bits per 
character, plus optional even or odd parity. 
The transmitters can supply one, one-and-a- 
half, or two stop bits per character and can 
provide a break output at any time. The 
receiver break- detection logic interrupts the 
CPU both at the start and at the end of a 
received break. Reception is protected from 
spikes by a transient spike- rejection 
mechanism that checks the signal one- half a 
bit time after a Low level is detected on the 
receive data input (RxDA or RxDB in 
Figure 1). If the Low does not persist (as in the 
case of a transient), the character assembly 
process does not start. 

Framing errors and overrun errors are 
detected and buffered together with the partial 
character on which they occur. Vectored inter- 
rupts allow fast servicing of error conditions 
using dedicated routines. Furthermore, a 
built-in checking process avoids the interpreta- 
tion of a framing error as a new start bit; a 
framing error results in the addition of one-half 
a bit time to the point at which the search for 
the next start bit begins. 

The ASCC does not require symmetric 
transmit and receive clock signals — a feature 
allowing use of the wide variety of clock 
sources. The transmitter and receiver can 



handle data at a rate of 1/16, 1/32, or 1/64 of 
the clock rate supplied to the receive and 
transmit clock inputs. 

Baud Rate Generator. Each channel in the 
ASCC contains a programmable baud rate 
generator. Each generator consists of two 8- bit 
time constant registers that form a 16-bit time 
constant, a 16-bit down counter, and a flip-flop 
on the output producing a square wave. On 
startup, the flip-flop on the output is set in a 
High state, the value in the time constant 
register is loaded into the counter, and the 
counter starts counting down. The output of 
the baud rate generator toggles upon reaching 
0, the value in the time constant register is 
loaded into the counter, and the process is 
repeated. The time constant may be changed 
at any time, but the new value does not take 
effect until the next load of the counter. 

The output of the baud rate generator may 
be used as either the transmit clock, the 
receive clock, or both. It can also drive the 
Digital Phase- Locked Loop (see next section). 

If the receive clock or trans mit cloc k is not 
programmed to come from the TRxC pin, the 
output of the baud rate g enerator may be 
echoed out via the TRxC pin. 

The following formula relates the time con- 
stant to the baud rate (the baud rate is in 
bits/second and the BR clock period is in 
seconds) : 



time constant : 



PCLK 



2 (clock factor) (baud) 



Digital Phase-Locked Loop. The ASCC con- 
tains a Digital Phase- Locked- Loop (DPLL) to 
recover clock information from a data stream 
with NRZI or FM encoding. The DPLL is driven 
by a clock that is nominally 32 (NRZI) or 16 
(FM) times the data rate. The DPLL uses this 
clock, along with the data stream, to construct 
a clock for the data. This clock may then be 
used as the ASCC receive clock, the transmit 
clock, or both. 
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Functional For NRZI encoding, the DPLL counts the 32x 

Description clock to create nominal bit times. As the 32x 
(Continued) clock is counted, the DPLL is searching the 
incoming data stream for edges (either 1 to 
or to 1). Whenever an edge is detected, the 
DPLL makes a count adjustment (during the 
next counting cycle), producing a terminal 
count closer to the center of the bit cell. 

For FM encoding, the DPLL still counts from 
to 31, but with a cycle corresponding to two 
bit times. When the DPLL is locked, the clock 
edges in the data stream should occur between 
counts 15 and 16 and between counts 31 and 
0. The DPLL looks for edges only during a 
time centered on the 15 to 16 counting 
transition. 

The 32x clock for the DPLL can be pr o- 
grammed to come from either the RTxC input 
or the output of the baud rate generator. The 
DPLL output may be programm ed to b e 
echoed out of the ASCC via the TRxC pin (if 
this pin is not being used as an input) . 

Data Encoding. The ASCC may be pro- 
grammed to encode and decode the serial data 
in four different ways (Figure 4). In NRZ 
encoding, a 1 is represented by a High level 
and a is represented by a Low level. In NRZI 
encoding, a 1 is represented by no change in 
level and a is represented by a change in 
level. In FM1 (more properly, bi-phase mark), 
a transition occurs at the beginning of every 
bit cell. A 1 is represented by an additional 
transition at the center of the bit cell and a is 
represented by no additional transition at the 
center of the bit cell. In FMO (bi-phase space), 
a transition occurs at the beginning of every 
bit cell. A is represented by an additional 
transition at the center of the bit cell, and a 1 
is represented by no additional transition at 
the center of the bit cell. In addition to these 
four methods, the ASCC can be used to 
decode Manchester (bi-phase level) data by 
using the DPLL in the FM mode and program- 
ming the receiver for NRZ data. Manchester 
encoding always produces a transition at the 
center of the bit cell. If the transition is to 1, 



the bit is a 0. If the transition is 1 to 0, the bit 
is a 1. 

Auto Echo and Local Loopback. The ASCC is 
capable of automatically echoing everything it 
receives. In Auto Echo mode, RxD is con- 
nected to TxD internally. Auto Echo mode can 
be used with NRZI or FM encoding with no 
additional delay, because the data stream is 
not decoded bef ore r etransmission. In Auto 
Echo mode, the CTS input is ignored as a 
transmitter enable (although transitions on this 
input can still cause interrupts if programmed 
to do so). In this mode, the transmitter is 
actually bypassed and the programmer is 
resp onsible for disabl ing transmitter interrupts 
and WAIT/REQUEST on transmit. 

The ASCC is also capable of local loopback. 
In this mode TxD is connected to RxD intern- 
ally, just as in Auto Echo mode. However, in 
Local Loopback mode, the internal transmit 
data is tied to the internal receive data and 
RxD is ign ored (exc ept to be echoed out via 
TxD). The CTS and DCD 

inputs are also ignored as transmit and receive 
enables. However, transitions on these inputs 
can still cause interrupts. Local Loopback 
works with NRZ, NRZI or FM coding of the data 
stream. 

I/O Interface Capabilities. The ASCC offers 
the choice of Polling, Interrupt (vectored or 
non vectored) , and Block Transfer modes to 
transfer data, status, and control information to 
and from the CPU. The Block Transfer mode 
can be implemented under CPU or DMA 
control. 

Polling. All interrupts are disabled. Three 
status registers in the ASCC are automatically 
updated whenever any function is performed. 
The idea behind polling is for the CPU to 
periodically read a status register until the 
register contents indicate the need for data to 
be transferred. Only one register needs to be 
read; depending on its contents, the CPU 
either writes data, reads data, or continues. 
Two bits in the register indicate the need for 
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Functional data transfer. An alternative is a poll of the 
Description Interrupt Pending register to determine the 
(Continued) source of an interrupt. The status for both 
channels resides in one register. 

Interrupts. When an ASCC re sponds to an 
Interrupt Acknowledge signal (INTACK) from 
the CPU, an interrupt vector may be placed on 
the data bus. This vector is written in WR2 and 
may be read in RR2A or RR2B (Figures 8 
and 9). 

To speed interrupt response time, the ASCC 
can modify three bits in this vector to indicate 
status. If the vector is read in Channel A, 
status is never included; if it is read in 
Channel B, status is always included. 

Each of the six sources of interrupts in the 
ASCC (Transmit, Receive, and External/Status 
interrupts in both channels) has three bits 
associated with the interrupt source: Interrupt 
Pending (IP), Interrupt Under Service (IUS), 
and Interrupt Enable (IE). Operation of the IE 
bit is straightforward. If the IE bit is set for a 
given interrupt source, then that source can 
request interrupts. The exception is when the 
MIE (Master Interrupt Enable) bit in WR9 is 
reset and no interrupts may be requested. The 
IE bits are write only. 

The other two bits are related to the inter- 
rupt priority chain (Figure 5). As a 
microprocessor peripheral, the ASCC may 
request an interrupt only when no higher 
priority device is requesting one, e.g., when 
IEI is High. If the device i n qu estion requests 
an interrupt, i t pulls do wn INT. The CPU then 
responds with INTACK, and the interrupting 
device places the vector on the data bus. 

In the ASCC, the IP bit signals a need for 
interrupt servicing. Whe n an IP bit is 1 and 
the IEI input is High, the INT output is pulled 
Low, requesting an interrupt. In the ASCC, if 
the IE bit is not set by enabling interrupts, 
then the IP for that source can never be set. 
The IP bits are readable in RR3A. 

The IUS bits signal that an interrupt request 
is being serviced. If an IUS is set, all interrupt 
sources of lower priority in the ASCC and 
external to the ASCC are prevented from 
requesting interrupts. The internal interrupt 



sources are inhibited by the state of the inter- 
nal daisy chain, while lower priority devices 
are inhibited by the IEO output of the ASCC 
being pulled Low and propagated to subse- 
quent peripherals. An IUS bit is set during an 
Interrupt Acknowledge cycle if there are no 
higher priority devices requesting interrupts. 

There are three types of interrupts: 
Transmit, Receive, and External/Status. Each 
interrupt type is enabled under program con- 
trol with Channel A having higher priority 
than Channel B, and with Receiver, Transmit, 
and External/Status interrupts prioritized in 
that order within each channel. When the 
Transmit interrupt is enabled, the CPU is 
interrupted when the transmit buffer becomes 
empty. (This implies that the transmitter must 
have had a data character written into it so 
that it can become empty.) When enabled, the 
receiver can interrupt the CPU in one of three 
ways: 

■ Interrupt on First Receive Character or 
Special Receive Condition. 

■ Interrupt on All Receive Characters or 
Special Receive Condition. 

■ Interrupt on Special Receive Condition 
Only. 

Interrupt on First Character or Special Con- 
dition and Interrupt on Special Condition Only 
are typically used with the Block Transfer 
mode. A Special Receive Condition is a 
receiver overrun, and, optionally, a parity 
error. The Special Receive Condition interrupt 
is different from an ordinary receive character 
available interrupt only in the status placed in 
the vector during the Interrupt Acknowledge 
cycle. In Interrupt on First Receive Character, 
an interrupt can occur from Special Receive 
Conditions any time after the first receive 
character interrupt. 

The main function of the External/Status 
inte rrup t is to monitor the signal transitions of 
the CTS, DCD, and RI pins; however, an 
External/Status interrupt is also caused by a 
Transmit Underrun condition, or a zero count 
in the baud rate generator, or by the detection 
of a Break. 
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Functional CPU/DMA Block Transfer. The ASCC pro- 
Description vides a Block Transfer mode to accommodate 
(Continued) CPU block transfer functions and DMA con- 
trollers. The Bloc k Transfer mode uses the 
WAIT/ REQUEST output in conjun ction w ith 
the Wait/R equest bits in WR1. The WAIT/ 
REQUEST output can be defined under soft- 
ware control as a WAI T line in th e CPU Block 
Transfer mode or as a REQUEST line in the 



DMA Block Transfer mode. 

To a DMA controller, the ASCC REQUEST 
output indicates that the ASCC is ready to 
tra nsfer d ata to or from memory. To the CPU, 
the WAIT line indicates that the ASCC is not 
ready to transfer data, thereby req uestin g that 
the CPU e xtend the I/O cycle. The DTR/ 
REQUEST line allows full-duplex operation 
under DMA control. 



Architecture The ASCC internal structure includes 
two full-duplex channels, two baud rate 
generators, internal control and interrupt 
logic, and a bus interface to a nonmultiplexed 
bus. Associated with each channel are a 
number of read and write registers for mode 
control and status information, as well as logic 
necessary to interface to modems or other 
external devices (Figure 6). 

The logic for both channels provides 
formats, synchronization, and validation for 



data transferred to and from the channel inter- 
face. The modem control inputs are monitored 
by the control logic under program control. 
All of the modem control signals are general- 
purpose in nature and can optionally be used 
for functions other than modem control. 

The register set for each channel includes 
ten control (write) registers, and four status 
(read) registers. In addition, each baud rate 
generator has two (read/write) registers for 
holding the time constant that determines the 
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Architecture baud rate. Finally, associated with the inter- 
( Continued) rupt logic is a write register for the interrupt 
vector accessible through either channel, a 
write only Master Interrupt Control register 
and three read registers: one containing the 
vector with status infomation (Channel B only), 
one containing the vector without status 
(Channel A only), and one containing the 
Interrupt Pending bits (Channel A only). 

The registers for each channel are 
designated as follows: 

WR0-WR15 — Write Registers 0-5, 8-15. 

RR0-RR3, RR10, RR12, RR13, RR15 — Read 
Registers through 3, 10, 12, 13, 15. 

Table 1 lists the functions assigned to each 
read or write register. The ASCC contains on- 
ly one WR2 and WR9, but they can be access- 
ed by either channel. All other registers are 
paired (one for each channel). 

Data Path. The transmit and receive data path 
illustrated in Figure 7 is identical for both 
channels. The receiver has three 8-bit buffer 
registers in an FIFO arrangement, in addition 
to the 8-bit receive shift register. This scheme 
creates additional time for the CPU to service 
an interrupt at the beginning of a block of 
high speed data. Incoming data is routed 
through one of several paths depending on the 
selected mode (the character length also deter- 
mines the data path). 

The transmitter has an 8-bit Transmit Data 
buffer register loaded from the internal data 
bus and an 11 -bit Transmit Shift register that 
can be loaded from the Transmit Data register. 



Read Register Functions 



RRO Transmit/Receive buffer status and External status 

RR1 Special Receive Condition status 

RR2 Modified interrupt vector (Channel B only) 

Unmodified interrupt vector (Channel A only) 

RR3 Interrupt Pending bits (Channel A only) 

RR8 Receive buffer 

RR10 Miscellaneous status 

RR12 Lower byte of baud rate generator time constant 

RR13 Upper byte of baud rate generator time constant 

RR15 External/Status interrupt information 



Write Register Functions 



WRO CRC initialize, initialization commands for the 
various modes, Register Pointers. 

WR1 Transmit/Receive interrupt and data transfer mode 
definition 

WR2 Interrupt vector (accessed through either channel) 

WR3 Receive parameters and control 

WR4 Transmit/Receive miscellaneous parameters and 
modes 

WR5 Transmit parameters and controls 

WR8 Transmit buffer 

WR9 Master interrupt control and reset (accessed 
through either channel) 

WR10 Miscellaneous transmitter/receiver control bits 

WR11 Clock mode control 

WR12 Lower byte of baud rate generator time constant 

WR13 Upper byte of baud rate generator time constant 

WR14 Miscellaneous control bits 

WR15 External/Status interrupt control 

Table 1. Read and Write Register Functions 



Programming The ASCC contains 1 1 write registers in 
each channel that are programmed by the 
system separately to configure the functional 
personality of the channels. 

In the ASCC, register addressing is direct 
for the data registers_only, which are selected 
by a High on the D/C pin. In all other cases 
(with the exception of WRO and RRO), pro- 
gramming the write registers requires two 
write operations and reading the read registers 
requires both a write and a read operation. 
The first write is to WRO and contains three 
bits that point to the selected register. The se- 
cond write is the actual control word for the 



selected register, and if the second operation 
is read, the selected read register is accessed. 
All of the registers in the ASCC, including the 
data registers, may be accessed in this fashion. 
The pointer bits are automatically cleared after 
the read or write operation so that WRO (or 
RRO) is addressed again. 

The system program first issues a series of 
commands to initialize the basic mode of 
operation. For example, the character length, 
clock rate, number of stop bits, even or odd 
parity might be set first. Then the interrupt 
mode would be set, and finally, receiver or 
transmitter enable. 
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Programming Read Registers. The ASCC contains eight 
(Continued) read registers (actually nine, counting the 

receive buffer (RR8) in each channel). Four of 
these may be read to obtain status information 
(RRO, RR1, RR10, and RR15). Two registers 
(RR12 and RR13) may be read to learn the 
baud rate generator time constant. RR2 con- 
tains either the unmodified interrupt vector 
(Channel A) or the vector modified by status 
information (Channel B). RR3 contains the 



Interrupt Pending (IP) bits (Channel A). 
Figure 8 shows the formats for each read 
register. 

The status bits of RRO and RR1 are carefully 
grouped to simplify status monitoring; e.g., 
when the interrupt vector indicates a Special 
Receive Condition interrupt, all the appro- 
priate error bits can be read from a single 
register (RR1). 



Read Register 

| D 7 | D a | D S j D 4 j D 3 | D 2 | 0, | Dp | 

L 



Lb 



Rx CHARACTER AVAILABLE 
ZERO COUNT 

■ Tx BUFFER EMPTY 
- DCD 

■ RING INDICATOR 



Read Register 10 

| D; | D 6 | D 5 | D 4 | D 3 | D 2 | D, | D "| 
I o 



- TWO CLOCKS MISSING 

- ONE CLOCK MISSING 



tfl 

CO 



Read Register 1 

| D 7 | D 6 1 D s | D 4 | D 3 | D 2 | D, | D "| 



Lb." 



- PARITY ERROR 

- Rx OVERRUN ERROR 

- FRAMING ERROR 



Read Register 12 

| P 7 | D 8 | P s | D 4 | D 3 | D 2 | D 1 | Op | 

L- TCo 



Lb 



Read Register 2 

| D 7 | D 6 I D 5 | D 4 I D 3 | D 2 I D 1 | Dp | 

U 1 



Lb' 

I V 



► INTERRUPT VECTOR * 



•MODIFIED IN B CHANNEL 



Read Register 3 

| D 7 | D 6 I D 5 I D 4 | D 3 | D 2 | D 1 j D, j 



Lb 



CHANNEL B EXT/STAT IP* 
CHANNEL B Tx IP* 
CHANNEL B Rx IP* 
CHANNEL A EXT/STAT IP* 
CHANNEL A Tx IP* 
CHANNEL A Rx IP* 



*ALWAYS IN B CHANNEL 



Read Register 13 

| D 7 1 D 6 [ D 5 1 D 4 1 D 3 1 D 2 1 D, [ Do | 



Lb 



L TC 8 
TCg 
TC10 
TC11 



- TC12 / T 

- TC13 
. TC14 

- TCis 



Read Register 15 

j D 7 1 D 6 1 D 5 1 D 4 j D 3 ] D 2 1 D t 1 Dp j 



Lb 



ZERO COUNT IE 



- Rl IE 
■ CTS IE 



Figure 8. Read Register Bit Functions 
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Programming Write Registers. The ASCC contains 1 1 write 
(Continued) registers (12 counting WR8, the transmit 

buffer) in each channel. These write registers 
are programmed separately to configure the 
functional "personality" of the channels. In 
addition, there are two registers (WR2 and 

Write Register 

fp 7 | 0„ | D 5 | D 4 | D 3 | D 2 | D, | D | 



LJL J: 

0__0__1 

o_j__o 
LJL J. 

1 

LJL J. 

Jl__1 o 

LJL -I 

0__0__0 

LJL J. 
LJLJL 
L_L_1 

_1__0__0 

L_£__l 

1 1 o 



REGISTER 
REGISTER 1 
REGISTER 2 
REGISTER 3 
REGISTER 4 
REGISTER S 
NULL CODE 
NULL CODE 
REGISTER 8 
REGISTER 
REGISTER 10 
REGISTER 11 
REGISTER 12 
REGISTER 13 
REGISTER 14 
REGISTER 15 J 



NULL CODE 

POINT HIGH 

RESET EXT/STAT INTERRUPTS 

NULL CODE 

ENABLE INT ON NEXT Rx CHARACTER 

RESET TxINT PENDING 

ERROR RESET 

RESET HIGHEST IUS 



•WITH POINT HIGH COMMAND 

Write Register i 

| D 7 | D 6 j P s | D 4 | P 3 | D 2 | Pl j P | 



0__0 
0__1 
1 



Li 



EXT INT ENABLE 
Tx INT ENABLE 
PARITY IS SPECIAL CONDITION 



Rx INT DISABLE 

Rx INT ON FIRST CHARACTER OR SPECIAL CONDITION 
INT ON ALL Rx CHARACTERS OR SPECIAL CONDITION 
Rx INT ON SPECIAL CONDITION ONLY 

WAIT/DMA REQUEST ON RECEIVE/TlATJSTSiTT 

WATf/DMA REQUEST FUNCTION 



■ WAIT/DMA REQUEST ENABLE 



Write Register 2 

|D 7 |D g |D 5 [D 4 |D 3 |D 2 |D 1 |Q | 



I Vi 



^ INTERRUPT VECTOR 



WR9) shared by the two channels that may be 
accessed through either of them. WR2 contains 
the interrupt vector for both channels, while 
WR9 contains the interrupt control bits. 
Figure 9 shows the format of each write 
register. 

Write Register 3 

| D 7 | D 6 | D 5 1 P 4 | D 3 | D 2 1 D, | Dpi 

LI— Rx ENABLE 
— 



p__o 

1 

1 



■ AUTO ENABLES 



Rx S BITS/CHARACTER 
Rx 7 BITS/CHARACTER 
Rx 6 BITS/CHARACTER 
Rx 8 BITS/CHARACTER 



Write Register 4 

| P 7 { P 6 | P 5 | P 4 | P 3 | P 2 | P, [ Do | 



0__0 

L 1 

1 





o 7 
7" o 



Li 



PARITY ENABLE 
PARITY EVEN/ODD 



DO NOT PROGRAM 

1 STOP BIT/CHARACTER 
1Va STOP BITS/CHARACTER 

2 STOP BITS/CHARACTER 



X 1 CLOCK MODE 
X16 CLOCK MODE 
X32 CLOCK MODE 
X64 CLOCK MODE 



Write Register 5 

10,10810510410310,10,1001 



L ° 

1 

1 



Li 



• Tx ENABLE 
- SEND BREAK 

Tx 5 BITS (OR LESS)/CHARACTER 
Tx 7 BITS/CHARACTER 
Tx 6 BITS/CHARACTER 
Tx 8 BITS/CHARACTER 



■ DTR 



Figure 9. Write Register Bit Functions 
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Programming Write Register 9 

(Continued) kkkkkkkk l 



0__0 
1 

1 



Li 



NV 

- DLC 

- MIE 

- STATUS HIGH/STATUS LOW 



NO RESET 
CHANNEL RESET B 
CHANNEL RESET A 
FORCE HARDWARE R 



Write Register 10 

| D 7 | D 6 ] P s [ D 4 | D 3 | D 2 1 D, | Dp | 



0__0 
0__1 
1 



Lb- 

' 



o 



NRZ 

NRZI 

FM1 (TRANSITION = 1) 

FMO (TRANSITION «= 0) 



Write Register 11 

| D 7 1 D 6 | D 5 | D 4 | D 3 | D 2 | D, | D "| 



0_ 1 

1 "o 



o__o 

1 

1 o 



TSxC OUT = XTAL OUTPUT 
TRxe OUT = TRANSMIT CLOCK 
TRxC OUT = BR GENERATOR OUTPUT 
TfixC OUT = DPLL OUTPUT 
TRiCO/I 



TRANSMIT CLOCK = RTxC PIN 

TRANSMIT CLOCK = TRxC PIN 

TRANSMIT CLOCK = BR GENERATOR OUTPUT 

TRANSMIT CLOCK = DPLL OUTPUT 



RECEIVE CLOCK = RTxC" PIN 

RECEIVE CLOCK = TRxC PIN 

RECEIVE CLOCK = BR GENERATOR OUTPUT 

RECEIVE CLOCK = DPLL OUTPUT 

RTxC XTAL/NO XTAL 



Write Register 12 

| D 7 | D„ | D 5 | D 4 1 D 3 | D 2 | Di I D | 

L 



Li 



Write Register 13 

| D 7 j P 6 | P s | D 4 [ D 3 | D 2 | P 1 | P | 

L 



Li 



tc 8 

TC 9 
TC10 
TCn 
TC12 
TC13 
TC14 
TCis 



Write Register 14 



| D 7 | D a | D 8 1 D 4 1 D 3 | D 2 | D t 



H 




1 

<r 1 o 

1 1 

L — — 

1__0__1 

1 1 



Vz 



BR GENERATOR ENABLE 
BR GENERATOR SOURCE 
DTR/REQUEST FUNCTION 
AUTO ECHO 
LOCAL LOOPBACK 



NULL COMMAND 

ENTER SEARCH MODE 

RESET MISSING CLOCK 

DISABLE DPLL 

SET SOURCE = BR GENERATOR 

SET SOURCE - RTxC 

SET FM MODE 

SET NRZI MODE 



Write Register 15 

| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | D, j 



ZERO COUNT IE 



- Rl IE 

- CTS IE 



Figure 9. Write Register Bit Functions (Continued) 
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Timing Th e AS CC generates internal control signals 

from WR and RD that are related to PCLK. 
Since PLCK has no phase relationship with 
WR and RD, the circuitry generating these in- 
ternal control signals must provide time for 
metastable conditions to disappear. This gives 
rise to a recovery time related to PCLK. The 
recovery time applies only between bus tran- 
sactions involving the ASCC. The recovery 
time required for prope r op eration is specified 
from the rising edge of WR or RD in the first 



transact ion involving the ASCC to the falling 
edge of WR or RD in the second transaction 
involving the ASCC. This time must be at least 
6 PLCK cycles plus 200 ns. 

Read Cycle Timing. Figure 10 illustrates read 
cycle timing, Address es on A/B and D/C and 
the status on INTACK must remain stable 

throughout the cycle^Jf CE falls after RD 

falls, or rises before RD rises, the effective RD 
is shortened. 



A/B, D/C 


X 




ADDRESS VALID 


X 


INTACK "7 








\ 


CE 




"A 


/ 












RD 




\_ 


/ 




( X ■"*«" ) 

Figure 10. Read Cycle Timing 


Write Cycle Timing. Figure 1 1 illustrates 
write cycle timing. Addresses on A/B and D/C 
and the status on INTACK must remain stable 


throughout the cycle. If CE falls after WR falls 
or rises before WR rises, the effective WR is 
shortened. 


A/B, D/C 


X 




ADDRESS VALID 


X_ 


INTACK T 








\ 


CE 




"A 


/ 












WR 




v_ 


/ 


n fT- n T 


Figure 11. Write Cycle Timing 


\ 




/ 


Interrupt Acknowledge Cycle Timing. Figure 
12 illustrates interrupt acknowledge cycle tim- 


when RD falls, the acknowledge cycle was in- 
tended for the ASCC. In this case, _the ASCC 



ing. Between the time INTACK goes low and 
the falling edge of RD, the internal and exter- 
nal IEI/IEO daisy chains settle. If there is an 
interrupt pending the ASCC and IEI is High 



may be programmed to respond to RD Low by 
placing its interrupt vector on D0-D7 and sets 
the appropriate Interrupt- Under- Service latch 
internally. 



E ~\. 



-y>- 



y 



\. 



-/>- 



r 

X2EEZ) - 



Figure 12. Interrupt Acknowledge Cycle Timing 
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2023-005, 006, 007 



Absolute Voltages on all pins with respect 

Maximum toGND -0.3V to + 7.0V 

Ratings Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°C to + 150°C 



Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



Standard The DC characteristics and capacitance sec- 

Test tions below apply for the following standard test 

Conditions conditions, unless otherwise noted. All voltages 

are referenced to GND. Positive current flows 

into the referenced pin. 

Standard conditions are as follows: 

■ +4.75 V < V cc < +5.25 V 

■ GND = V 

■ Ta as specified in Ordering Information 




The Ordering Information section lists temper- 
ature ranges and product numbers. Package 
drawings are in the Package Information section 
in this book. Refer to the Literature List for addi- 
tional documentation. 

All ac parameters assume a load capacitance 
of 50 pf max. 



av 

I 



FROM OUTPUT c 
UNDER TEST 



M 

00 

ui 

I 



Figure 13. Standard Test Load 



Figure 14. Open-Drain Test Load 



DC 

Charac- 
teristics 



Symbol 



v OL 
IlL 

Iql 

Irr 



Parameter 



Input High Voltage 
Input Low Voltage 
Output High Voltage 
Output Low Voltage 
Input Leakage 
Output Leakage 
V cc Supply Current 



Min 



Max 



Unit 



Condition 



2.0 


V CC + 0.3 


V 




-0.3 


0.8 


V 




2.4 




V 


I OH = -250 fiA 




0.4 


V 


I OL = + 2.0 mA 




±10.0 


M A 


0.4 «s V IN < +2.4V 




±10.0 


fiA 


0.4 < V OUT < +2.4V 




250 


mA 





Vqq= 5 V ± 5% unless otherwise specified, over specified temperature range. 



Capacitance Symbol Parameter 



Min 



Max 



Unit 



Test Condition 



Input Capacitance 
Output Capacitance 
Bidirectional Capacitance 



10 


pf 


15 


Pf 


20 


pf 



f = 1 MHz, over specified temperature range 
Unmeasured pins returned to ground. 
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Read and 

Write 

Timing 



K>3\ Is 1 




No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*t 



1 


TwPCl 


2 


TwPCh 


3 


TfPC 


4 
5- 


TrPC 


luFU 


6 


TsA(WR) 


7 


ThA(WR) 


8 


TsA(RD) 


9 


ThA(RD) 


lO- 


-TsIA(PC) 


ll 


TsIAi(WR) 


12 


ThlA(WR) 


13 


TsIAi(RD) 


14 


ThlA(RD) 


15- 




HilA(rL/j 


16 


TsCEl(WR) 


17 


ThCE(WR) 


18 


TsCEh(WR) 


19 


TsCEl(RD) 


20 


ThCE(RD) 


21- 


-TsCEh(RD) 


22 


TwRDl 


23 


TdRD(DRA) 


24 


TdRDr(DR) 


25 


TdRDf(DR) 


26 


TdRD(DRz) 



PCLK Low Width 
PCLK High Width 
PCLK Fall Time 
PCLK Rise Time 

PCLK Cycle_Time 

Address to WR 1 Setup Time 
Address to WR t Hold Time 
Address to RD 1 Setup Time 
Address to RD t Hold Time 

INTACK to PCLK t Setup Time 

INTACK to WR 1 Setup Time 
INTACK to WR t Hold Time 
INTACK to RD I Setup Time 
INTACK to RD t Hold Time 

JNTACK to PCLK I Hold Time 

CE Low to WR 1 Setup Time 
CEtoWR t Hold Time 
CE High to WR 1 Setup Time 
CE Low to RD I Setup Time 
CE to RD t Hold Time 

CE High to RD I Setup Time 

RD Low Width 

RD 1 to Read Data Active Delay 
RD t to Read Data Not Valid Delay 
RD I to Read Data Valid Delay 
RD t to Read Data Float Delay 



105 
105 



-250- 





— o- 

200 


200 



-100- 





100 


-100- 

390 





2000 

2000 

20 

20 

-4000 ■ 



250 
70 



70 
70 



-165 ■ 





— ■ 

200 



200 



-100- 





70 





-70- 

250 







1000 

1000 

10 

15 

-2000 - 



180 
45 



NOTES 

1 . Parameter does not apply to Interrupt Acknowledge 
transactions 



2 Float delay is defined as the time required for a ±0.5 V change 

in the output with a maximum dc load and minimum ac load. 
* Timings are preliminary and subject to change, 
t Units in nanoseconds (ns). 
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2023-008 



Interrupt 

Acknowledge 

Timing 



\— / 



®-pz 



X 



-®- 



\ 



^^ 




4{23>** 



>C v 



-®- 



/ 



a f ACTIVE V 
<8) 



<§h 



4<24>* 



> 



-*<26>*- 



X 



-<§h 



I 



Reset 
Timing 




Cycle 
Timing 



f 



J 



-ff- 



"V 



-®- 



y 



-y>- 



"V 



\ 



No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*t 



27 TdA(DR) Address Required Valid to Read Data Valid Delay 

28 TwWRl WR Low Width 

29 TsDW(WR) Write Data to WR i Setup Time 

30 ThDW(WR) Write Data to WR t Hold Time 

31 — TdWR(W) WR 1 to Wait Valid Delay 

32 TdRD(W) RD 1 to WaitVahd Delay 

33 TdWRf(REQ) WR i to W/REQ Not Valid Delay 

34 TdRDf(REQ) RD^ 1 to W/REQ Not Valid Delay 

35 TdWRr(REQ) WR t to DTR/REQ'Not Valid Delay 



36 — TdRDr(REQ) RD t to DTR/REQ Not Valid Delay 

37 TdPC(INT) PCLK I to INT Valid Delay 

38 TdlAi(RD) INTACK to RD 1 (Acknowledge) Delay 

39 TwRDA RD (Acknowledge) Width 

40 — TdRDA(DR) RD 1 (Acknowledge) to Read Data Valid Delay- 

41 TsIEI(RDA) IEI to RD I (Acknowledge) Setup Time 

42 ThlEI(RDA) IEI to RD t (Acknowledge) Hold Time 

43 TdlEI(IEO) IEI to IEO Delay Time 

44 TdPC(IEO) PCLK t to IEO Delay 

45 — TdRDA(INT) RD 1 to INT Inactive Delay 

46 TdRD(WRQ) REM to WR I Delay for No Reset 

47 TdWRQ(RD) WR t to RD I Delay for No Reset 

48 TwRES WR and RD Coincident Low for Reset 

49 Trc Valid Access Recovery Time 



390 





285 



120 




590 



— 240- 

240 

240 

240 

5TcPC 

+ 300 

-5TcPC- 

+ 300 

500 



-190- 



120 

250 

-500- 



30 

30 

250 

6TcPC 

+ 200 



250 





250 



100 




15 

30 

250 

6TcPC 

+ 130 



420 



— 200- 

200 

200 

200 

5TcPC 

+ 250 

-5TcPC - 

+ 250 

500 



-180- 



100 

250 

-500- 



NOTES 

3 Parameter applies only between transactions involving the 
ASCC 

4 Open-drain output, measured with open-dram test load 

5 Parameter is system dependent For any ASCC in the daisy 
chain, TdlAi(RD) must be greater than the sum of TdPC(IEO) 



for the highest priority device in the daisy chain, TsIEI(RDA) 
for the ASCC, and TdlEIf(IEO) for each device separating them 
in the daisy chain 

* Timings are preliminary and subject to change. 

t Units in nanoseconds (ns) 



2023-009,010,011 
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General 
Timing 




W/REQ 

WAIT 



RTxC, TRxC 

RECEIVE 



TRxC, RTxC 

TRANSMIT 



TRxC 

OUTPUT 



RTxC \_ 

TRxC \_^ 



CTS, DCD, Rl 



X?> 



"V 



3c: 



-0- 



-®- 






JT 



i 



-®- 



-®- 



\ 

-<§)- 

}fc 



X 



-H h — ® — ► 



-®- 



-®- 



— »> 
— >■ 

jT 



-®- 



X 






"V 
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2244-008 











4 MHz 


6 MHz 






No. 


Symbol 


Parameter 




Min 


Max 


Min 


Max 


Notes*t 




1 


TdPC(REQ) 


PCLK i to W/REQ Valid Delay 






250 




250 






2 


TdPC(W) 


PCLK J to Wait Inactive Delay 






350 




350 






3 


TsRXC(PC) 


RxC I to PCLK t Setup Time (PCLK - 


4 case only) 


80 


TwPCl 


70 


TwPCl 


1,4 




4 


TsRXD(RXCr) 


RxD to RxC I Setup Time (XI Mode) 














1 




5- 


-ThRXD(RXCr)- 


-RxD to RxC I Hold Time (XI Mode) 




150 




150— 




1 




6 


TsRXD(RXCf) 


RxD to RxC 1 Setup Time (XI Mode) 














1,5 




7 


ThRXD(RXCf) 


RxD to RxC I Hold Time (XI Mode) 




150 




150 




1,5 




8 


TsTXC(PC) 


TxC i to PCLK t Setup Time 














2,4 




9 


TdTXCf(TXD) 


TxC i to TxD Delay (XI Mode) 






300 




300 


2 




lO- 


-TdTXCr(TXD)- 


—TxC t to TxD Delay (XI Mode) 






300 




— -300 


2,5 




ll 


TdTXD(TRX) 


TxD to TRxC Delay (Send Clock Echo) 
















12 


TwRTXh 


RTxC High Width 




180 




180 




6 




13 


TwRTXl 


RTxC Low Width 




180 




180 




6 


N 


14 


TcRTX 


RTxC Cycle Time 




400 




400 




6 


09 
tfl 


15- 


-TcRTXX 


— Crystal Oscillator Period 




-250- 


— 1000 


250- 


—1000 


3 


16 


TwTRXh 


TRxC High Width 




180 




180 




6 


** 
W 


17 


TwTRXl 


TRxC Low Width 




180 




180 




6 


18 


TcTRX 


TRxC Cycle Time 




400 




400 




6 


o 

o 


19 


TwEXT 


DCD or CTS or RI Pulse Width 




200 




200 









NOTES- 

1 RxC is RTxC or TRxC, whichever is supplying the receive 
cloc k. 

2. TxC is TRxC or RTxC, whichever is supplying the transmit 
clock 

3 Both RTxC and RI have 30 pF capacitors to ground con- 
nected to them. 



4. Parameter applies only if the data rate is one-fourth th e PCL K 

rate In a ll oth er cases, no phase relationship between RxC and 

PCLK or TxC and PCLK is required. 
5 Parameter applies only to FM encoding/decoding 
6. Parameter applies only for transmitter and receiver, DPLL and 

baud rate generator timing requirements are identical to chip 

PCLK requirements 
* Timings are preliminary and subject to change 
T Units in nanoseconds (ns) 
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System 
Timing 



RTxC, TRxC 

RECEIVE 



-J \—J{ 



W/REQ 

REQUEST 



W/REQ 

WAIT 



"V 



-0- 



-0- 



-0- 



y v 



> 



/ 



> 



RTxC, TRxC 

TRANSMIT 



/ — \ / — \s 



W/REQ 

REQUEST 



W/REQ 

WAIT 



DTR/REQ 

REQUEST 



-©- 



"0- 



-0- 



> 



1 



> 



CTS, DCD.RI 



X 



-0- 



\ 



No. Symbol 



Parameter 



4 MHz 

Min Max 



6 MHz 
Min Max 



Notes*t 



1 TdRXC(REQ) RxC I to W/REQ Valid Delay 

2 TdRXC(W) RxC t to Wait Inactive Delay 

3 TdRXC(INT) RxC t to INT Valid Delay 

4 — TdTXC(REQ) TxC i to W/REQ Valid Delay 

5 TdTXC(W) TxC I to Wait Inactive Delay 

6 TdTXC(DRQ) TxC i to DTR/REQ Valid Delay 

7 TdTXC(INT) TxC i to INT Valid Delay 

8 TdEXT(INT) DOT or CTS Transition to INT Valid Delay 



8 


12 


8 


12 


2 


8 


12 


8 


12 


1,2 


10 


16 


10 


16 


1,2 


-5 — 










u 


o 


o 


J 


5 


8 


5 


8 


1,3 


4 


7 


4 


7 


3 


6 


10 


6 


10 


1,3 


2 


6 


2 


6 


1 



NOTES: 

1. Ope n- dram o ut put, me asured with open-drain test load. 

2. RxC is RTxC or TRxC, whichever is supplying the receive 
cloc k. 

3. TxC is TRxC or RTxC, whichever is supplying the transmit 
clock. 



* Timings are preliminary and subject to change, 
t Units equal to TcPC. 
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ORDERING INFORMATION 



Z8531 ASCC, 4.0 MHz 
40-pin DIP 

Z8531 PS 
Z8531 CS 

Z8531A ASCC, 6.0 MHz 
40-pin DIP 

Z8531APS 
Z8531ACS 



Z8531 ASCC, 4.0 MHz 
44-pin PCC 

Z8531 VS 

Z8531 ASCC, 6.0 MHz 
44-pin PCC 

Z8531AVS 



Codes 



First letter is for package; second letter is for temperature. 

C = Ceramic DIP 
P = Plastic DIP 
L = Ceramic LCC 
V = Plastic PCC 



TEMPERATURE 
S =0°Cto +70°C 
E = -40°Cto+85°C 
M*= -55°Cto+125°C 



R 


= Protopack 


T 


= Low Profile Protopack 


DIP 


= Dual-ln-Line Package 


LCC 


= Leadless Chip Carrier 


PCC 


= Plastic Chip Carrier (Leaded) 


FLOW 


B = 


883 Class B 



N 
00 
01 
W 

cn 



Example: PS is a plastic DIP, 0°C to + 70 °C. 

f Available soon. 

*For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications 
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Z8536 CIO 
Counter/Timer and 
Parallel I/O Unit 



Zilog 



Product 
Specification 



April 1985 



Features ■ Two independent 8-bit, double-buffered, 

bidirectional I/O ports plus a 4-bit 
special-purpose I/O port. I/O ports 
feature programmable polarity, 
programmable direction (Bit mode), u pulse 
catchers," and programmable open- 
drain outputs. 

■ Four handshake modes, including 3-Wire 
(like the IEEE-488). 



REQUEST/WAIT signal for high-speed data 
transfer. 



Flexible pattern-recognition logic, program- 
mable as a 16- vector interrupt controller. 

Three independent 16-bit counter/timers 
with up to four external access lines per 
counter/timer (count input, output, gate, 
and trigger), and three output duty cycles 
(pulsed, one-shot, and square-wave), 
programmable as retriggerable or 
nonretriggerable . 

Easy to use since all registers are 
read/write. 



M 

00 

cn 

CO 

o> 



General The Z8536 CIO Counter/Timer and 

Description Parallel I/O element is a general-purpose 
peripheral circuit, satisfying most counter/ 
timer and parallel I/O needs encountered in 
system designs. This versatile device contains 
three I/O ports and three counter/timers. Many 
programmable options tailor its configuration 
to specific applications. The use of the device 
is simplified by making all internal registers 



(command, status, and data) readable and 
(except for status bits) writable. In addition, 
each register is given its own unique internal 
address, so that any register can be accessed 
in two operations. All data registers can be 
directly accessed in a single operation. The 
CIO is easily interfaced to all popular 
microprocessors . 



DATA 
BUS 



CONTROL, 
TIMING, < 





D 7 


PA 7 
PA 6 




++ 


^— 


-*—»► 


Ds 


PA 5 


-*-** 


■*—*■ 


D 4 


PA 4 


-«— *► 


*—*- 


D 3 

D 2 


PA 3 
PA 2 


"-+ 








D 


PA, 

PAq 




~ 3l 


~ ^ 


— •* 


WR 

RD Z8536 


PC 3 
PC 2 


— 








Ai CIO 

Ao 


PC, 
PC 














CE 


PB 7 


**— *. 




INT 
INTACK 


PB 6 
PB 5 




► 


« „ 


»► 


IEI 
IEO 


PB 4 
PB 3 
PB 2 


•*-** 










PBi 


**— ► 






PB 


■+-** 



TTT 

PCLK +5V GND 

Figure 1. Pin Functions 





W 




d 4 L 


1 


40 


J Da 


DsC 


2 


39 


]D 2 


DeC 


3 


38 


3oi 


OtL 


4 


37 


] Do 


rdC 




36 


UCE 


WR^ 


6 


35 


jAi 


gnd|^ 




34 


jAo 


PBoL 


8 


33 


JPAo 


PBiC 


9 


32 


]PAi 


PB 2 £ 
PB 3 C 


« "ST « 

11 30 


]PA 2 
]PA 3 


PB 4 C 


12 


29 


J|PA4 


PBsL 


13 


28 


]PA 5 


PB 6 L 


14 


27 


]PA 6 


PB 7 C 


15 


26 


]PA 7 


pclk£ 


16 


25 


J INTACK 


.ElC 


17 


24 


]lNT 


IEO[j 


18 


23 


J +5V 


PCoC 


19 


22 


] PC 3 


PCiC 


20 


21 


Jpc 2 
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Pin Assignments 



881 



^^O a 9* & 9* <P O^ O n O* XT 



WR 
NC 
GND 
PB 
PBi 
PB 2 
PB 3 
PB 4 
PB 5 
PB 6 
PB 7 



/^"e 


5 4 3 2 1 44 43 42 41 40 \ 




7 
8 




39 


Ai 




38 


Ao 


9 




37 


PA 


10 




36 


PA! 


11 
12 
13 


Z8536 
CIO 


35 
34 
33 


PA 2 
PA 3 
PA 4 


14 




32 


PA 5 


15 




31 


PA 6 


16 
17 




30 


PA 7 




29 


NC 


\» 


19 20 21 22 23 24 25 26 27 28 / 








Figure 2b. 44-pin Chip Carrier, 
Pin Assignments 



Pin Ao-Ai. Address Lines (input). These two lines 

Description are used to select the register involved in the 
CPU transaction: Port A's Data register, Port 
B's Data register, Port C's Data register, or a 
control register. 

CE. Chip Enable (input, active Low). A Low 
level on this input enables the CIO to be read 
from or written to. 

D0-D7. Data Bus (bidirectional 3-state). These 
eight data lines are used for transfers between 
the CPU and the CIO. 

IEI. Interrupt Enable In (input, active High). 
IEI is used with IEO to form an interrupt daisy- 
chain when there is more than one interrupt- 
driven device. A High IEI indicates that no 
other higher priority device has an interrupt 
under service or is requesting an interrupt. 

IEO. Interrupt Enable Out (output, active 
High). IEO is High only if IEI is High and the 
CPU is not servicing an interrupt from the 
requesting CIO or is not requesting an inter- 
rupt (Interrupt Acknowledge cycle only). IEO 
is connected to the next lower priority device's 
IEI input and thus inhibits interrupts from 
lower priority devices. 

INT. Interrupt Request (output, open-drain, 
active Low). This signal is pulled Low when 
the CIO requests an interrupt. 

INTACK. Interrupt Acknowledge (input, active 
Low) . This input indicates to the CIO that an 
Interrupt Acknowledge cycle is in progress. 
INTACK must be synchronized to PCLK, and 



it must be stable throughout the Interrupt 
Acknowledge cycle. 

PA0-PA7. Port A I/O lines (bidirectional, 
3-state, or open-drain). These eight I/O lines 
transfer information between the CIO's Port A 
and external devices. 

PB0-PB7. Port B I/O lines (bidirectional, 
3-state, or open-drain). These eight I/O lines 
transfer information between the CIO's Port B 
and external devices. May also be used to 
provide external access to Counter/Timers 
1 and 2. 

PC0-PC3. Port C I/O lines (bidirectional, 
3-state, or open-drain). These f our I/O lines 
are used to provide handshake, WAIT, and 
REQUEST lines for Ports A and B or to provide 
external access to Counter/Timer 3 or access 
to the CIO's Port C. 

PCLK. Peripheral Clock (input, TTL- 
compatible). This is the clock used by the 
internal control logic and the counter/timers 
in timer mode. It does not have to be the 
CPU clock. 

RD*. Read (input, active Low). This signal 
indicates that a CPU is reading from the CIO. 
During an Interrupt Acknowledge cycle, this 
signal gates the interrupt vector onto the data 
bus if the CIO is the highest priority device 
requesting an interrupt. 

WR*. Write (input, active Low). This signal 
indicates a CPU write to the CIO. 

*When RD and WR are detected Low at the same time (normally 
an illegal condition), the CIO is reset. 
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Architecture The CIO Counter/Timer and Parallel I/O 

element (Figure 3) consists of a CPU interface, 
three I/O ports (two general-purpose 8-bit 
ports and one special-purpose 4-bit port), 
three 16-bit counter/timers, an interrupt- 



control logic block, and the internal- control 
logic block. An extensive number of program- 
mable options allow the user to tailor the con- 
figuration to best suit the specific application. 
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Architecture 
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Figure 4. Ports A and B Block Diagram 



The two general-purpose 8-bit I/O ports 
(Figure 4) are identical, except that Port B can 
be specified to provide external access to 
Counter/Timers 1 and 2. Either port can be 
programmed to be a handshake-driven, 
double-buffered port (input, output, or bidirec- 
tional) or a control-type port with the direction 
of each bit individually programmable. Each 
port includes pattern-recognition logic, allow- 
ing interrupt generation when a specific pat- 
tern is detected. The pattern-recognition logic 
can be programmed so the port functions like 
a priority-interrupt controller. Ports A and B 
can also be linked to form a 16-bit I/O port. 

To control these capabilities, both ports con- 
tain 12 registers. Three of these registers, the 
Input, Output, and Buffer registers, comprise 
the data path registers. Two registers, the 
Mode Specification and Handshake Specifica- 
tion registers, are used to define the mode of 
the port and to specify which handshake, if 
any, is to be used. The reference pattern for 
the pattern-recognition logic is defined via 
three registers: the Pattern Polarity, Pattern 
Transition, and Pattern Mask registers. The 
detailed characteristics of each bit path (for 



example, the direction of data flow or whether 
a path is inverting or noninverting) are pro- 
grammed using the Data Path Polarity, Data 
Direction, and Special I/O Control registers. 

The primary control and status bits are 
grouped in a single register, the Command 
and Status register, so that after the port is ini- 
tially configured, only this register must be ac- 
cessed frequently. To facilitate initialization, 
the port logic is designed so that registers 
associated with an unrequired capability are 
ignored and do not have to be programmed. 

The function of the special-purpose 4-bit 
port, Port C (Figure 5), depends upon the 
roles of Ports A and B. Port C provides the 
required handshake lines. Any bits of Port C 
not used as handshake lines can be used as 
I/O lines or to provide external access for the 
third counter/timer. 

Since Port C's function is defined primarily 
by Ports A and B, only three registers (besides 
the Data Input and Output registers) are 
needed. These registers specify the details of 
each bit path: the Data Path Polarity, Data 
Direction, and Special I/O Control registers. 
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Figuro 5. Port C Block Diagram 



The three counter/timers (Figure 6) are all 
identical. Each is comprised of a 16-bit down- 
counter, a 16-bit Time Constant register 
(which holds the value loaded into the down- 
counter), a 16-bit Current Count register (used 
to read the contents of the down-counter), and 
two 8-bit registers for control and status (the 
Mode Specification and the Command and 
Status registers). 

The capabilities of the counter/timer are 
numerous. Up to four port I/O lines can be 
dedicated as external access lines for each 
counter/timer: counter input, gate input, trig- 
ger input, and counter/timer output. Three dif- 
ferent counter/timer output duty cycles are 
available: pulse, one-shot, or square-wave. 



The operation of the counter/timer can be pro- 
grammed as either retriggerable or nonretrig- 
gerable. With these and other options, most 
counter/timer applications are covered. 

There are five registers (Master Interrupt 
Control register, three Interrupt Vector 
registers, and the Current Vector register) 
associated with the interrupt logic. In addition, 
the ports' Command and Status registers and 
the counter/timers' Command and Status 
registers include bits associated with the inter- 
rupt logic. Each of these registers contains 
three bits for interrupt control and status: 
Interrupt Pending (IP), Interrupt Under Ser- 
vice (IUS), and Interrupt Enable (IE). 
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Figure 6. Counter/Timer Block Diagram 



Functional The following describes the functions 

Description of the ports, pattern-recognition logic, 
counter/timers, and interrupt logic. 

I/O Port Operations. Of the CIO's three I/O 
ports, two (Ports A and B) are general- 
purpose, and the third (Port C) is a special- 
purpose 4-bit port. Ports A and B can be con- 
figured as input, output, or bidirectional ports 
with handshake. (Four different handshakes 
are available.) They can also be linked to form 
a single 16-bit port. If they are not used as 
ports with handshake, they provide 16 input or 
output bits with the data direction program- 
mable on a bit-by-bit basis. Port B also pro- 
vides access for Counter/Timers 1 and 2. In all 
configurations, Ports A and B can be pro- 
grammed to recognize specific data patterns 
and to generate interrupts when the pattern is 
encountered. 

The four bits of Port C provide the hand- 
shake lines f or Port s A and B when reguired. 
A REQUEST/WAIT line can also be provided 
so that CIO transfers can be synchronized with 
DMAs or CPUs. Any Por t C bit s not used for 
handshake or REQUEST/WAIT can be used as 
input or output bits (individually data- direction 
programmable) or external access lines for 
Counter/Timer 3. Port C does not contain any 
pattern-recognition logic. It is, however, 
capable of bit-addressable writes. With this 
feature, any combination of bits can be set 
and/or cleared while the other bits remain 
undisturbed without first reading the register. 

Bit Port Operations. In bit port operations, the 



port's Data Direction register specifies the 
direction of data flow for each bit. A 1 
specifies an input bit, and a specifies an out- 
put bit. If bits are used as I/O bits for a 
counter/timer, they should be set as input or 
output, as required. 

The Data Path Polarity register provides the 
capability of inverting the data path. A 1 
specifies inverting, and a specifies non- 
inverting. All discussions of the port opera- 
tions assume that the path is noninverting. 

The value returned when reading an input 
bit reflects the state of the input just prior to 
the read. A l's catcher can be inserted into the 
input data path by programming a 1 to the 
corresponding bit position of the port's Special 
I/O Control register. When a 1 is detected at 
the l's catcher input, its output is set to 1 until 
it is cleared. The l's catcher is cleared 
by writing a to the bit. In all other cases, 
attempted writes to input bits are ignored. 

When Ports A and B include output bits, 
reading the Data register returns the value 
being output. Reads of Port C return the state 
of the pin. Outputs can be specified as open- 
drain by writing a 1 to the corresponding bit of 
the port's Special I/O Control register. Port C 
has the additional feature of bit-addressable 
writes. When writing to Port C, the four most 
significant bits are used as a write protect 
mask for the least significant bits (0-4, 1-5, 
2-6, and 3-7). If the write protect bit is written 
with a 1 , the state of the corresponding output 
bit is not changed. 
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Functional Ports with Handshake Operation. Ports A and 
Description B can be specified as 8-bit input, output, or 
(Continued) bidirectional ports with handshake. The CIO 
provides four different handshakes for its 
ports: Interlocked, Strobed, Pulsed, and 
3- Wire. When specified as a port with hand- 
shake, the transfer of data into and out of the 
port and interrupt generation is under control 
of the handshake logic. Port C provides the 
handshake lines as shown in Table 1 . Any Port 
C lines not used for handshake can be used as 
simple I/O lines or as access lines for 
Counter/Timer 3. 

When Ports A and B are configured as ports 
with handshake, they are double-buffered. 
This allows for more relaxed interrupt service 
routine response time. A second byte can be 
input to or output from the port before the 
interrupt for the first byte is serviced. Nor- 
mally, the Interrupt Pending (IP) bit is set and 
an interrupt is generated when data is shifted 
into the Input register (input port) or out of the 
Output register (output port). For input and 
output ports, the IP is automatically cleared 
when the data is read or written. In bidirec- 
tional ports, IP is cleared only by command. 
When the Interrupt on Two Bytes (ITB) control 
bit is set to 1 , interrupts are generated only 
when two bytes of data are available to be read 
or written. This allows a minimum of 16 bits of 
information to be transferred on each inter- 
rupt. With ITB set, the IP is not automatically 
cleared until the second byte of data is read 
or written. 

When the Single Buffer (SB) bit is set to 1, 
the port acts as if it is only single-buffered. 
This is useful if the handshake line must be 
stopped on a byte-by-byte basis. 

Ports A and B can be linked to form a 16-bit 
port by programming a 1 in the Port Link Con- 
trol (PLC) bit. In this mode, only Port A's 
Handshake Specification and Command and 
Status registers are used. Port B must be 
specified as a bit port. When linked, only Port 
A has pattern-match capability. Port B's 



pattern-match capability must be disabled. 
Also, when the ports are linked, Port B's Data 
register must be read or written before 
Port A's. 

When a port is specified as a port with hand- 
shake, the type of port it is (input, output, or 
bidirectional) determines the direction of data 
flow. The data direction for the bidirectional 
port is determined by a bit in Port C (Table 1). 
In all cases, the contents of the Data Direction 
register are ignored. The contents of the 
Special I/O Control register apply only to out- 
put bits (3-state or open-drain). Inputs may not 
have l's catchers; therefore, those bits in the 
Special I/O Control register are ignored. Port 
C lines used for handshake should be pro- 
grammed as inputs. The handshake specifica- 
tion overrides Port C's Data Direction register 
for bits that must be outputs. The contents of 
Port C's Data Path Polarity register still apply. 

Interlocked Handshake. In the Interlocked 
Handshake mode, the action of the CIO must 
be acknowledged by the external device 
before the next action can take place. Figure 7 
shows timing for Interlocked Handshake. An 
output port does not indicate that new data is 
available until the external device indicates it 
is ready for the data. Similarly, an input port 
does not indicate that it is ready for new data 
until the data source indicates that the 
previous byte of the data is no longer 
available, thereby acknowledging the input 
port's acceptance of the last byte. This allows 
the CIO to interface directly to the port of a Z8 
microcomputer, a UPC, an FIO, an FIFO, or 
to another CIO port with no external logic. 

A 4-bit deske w time r can be inserted in the 
Data Available (DAV) output for output ports. 
As data is transferred to the Buffer register, 
the deskew timer is triggered. After the 
number of PCLK cycles specified by the 
deskew timer time constant plus one, DAV is 
allowed to go Low. The deskew timer therefore 
guarantees that the output data is valid fo r a 
specified minimum amount of time before DAV 
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Ports A and B: Bit Ports 

Port A: Input or Output Port 
(Interlocked, Strobed, or Pulsed 
Handshake)* 

Port B: Input or Output Port 
(Interlocked, Strobed, or Pulsed 
Handshake)* 

Port A or B: Input Port (3- Wire 
Handshake) 

Port A or B: Output Port (3- Wire 
Handshake) 

Port A or B: Bidirectional Port 
(Interlocked or Strobed Handshake) 



Bit I/O 


Bit I/O 


Bit I/O 

REQUEST/WATT 
or Bit I/O 

RFD or DAV 


Bit I/O 


RFD or DAV 


ACKIN 
Bit I/O 


Bit I/O 


REQUEST/WAIT 
or Bit I/O 


ACKIN 


RFD (Output) 


DAV (Input) 


REQUEST/WAIT 
or Bit I/O 


DAC (Output) 


DAV (Output) 


DAC (Input) 


REQUEST/WAIT 
or Bit I/O 

REQUEST/WAIT 
or Bit I/O 


RFD (Input) 


RFD or DAV 


ACKIN 


IN/OUT 



*Both Ports A and B can be specified input or output with Interlocked, Strobed, or Pulsed Handshake at the same time if neither uses 
REQUEST/WAIT. 

Table 1. Port C Bit Utilization 
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Functional goes Low. Deskew timers are available for out- 
Description put ports independent of the type of handshake 
(Continued) employed. 

Strobed Handshake. In the Strobed Hand- 
shake mode, data is "strobed" into or out of 
the port by the external log ic. The falling edge 
of the Acknowledge Input (ACKIN) strobes 
data into or out of the port. Figure 7 shows 
timing for the Strobed Handshake. In contrast 
to the Interlocked handshake, the signal 
indicating the port is ready for another data 
transfer operates independently of the ACKIN 
input. It is up to the external logic to ensure 
that data overflows or underflows do not occur. 

3- Wire Handshake. The 3- Wire Handshake is 
designed for the situation in which one output 
port is communicating with many input ports 
simultaneously. It is essentially the same as the 
Interlocked Handshake, except that two signals 
are used to indicate if an input port is ready 
for new data or if it has accepted the present 
data. In the 3- Wire Handshake (Figure 8), the 
rising edge of one status line indicates that the 
port is ready for data, and the rising edge of 
another status line indicates that the data has 
been accepted. With the 3- Wire Handshake, 
the output lines of many input ports can be 
bussed together with open-drain drivers; the 
output port knows when all the ports have 
accepted the data and are ready. This is the 



same handshake as is used on the IEEE-488 
bus. Because this handshake requires three 
lines, only one port (either A or B) can be a 
3- Wire Handshake port at a time. The 3- Wire 
Handshake is not available in the bidirectional 
mode. Because the port's direction can be 
changed under software control, however, 
bidirectional IEEE-488-type transfers can be 
performed. 

Pulsed Handshake. The Pulsed Handshake 
(Figure 9) is designed to interface to 
mechanical-type devices that require data to 
be held for long periods of time and need 
relatively wide pulses to gate the data into or 
out of the device. The logic is the same as the 
Interlocked Handshake mode, except that an 
internal counter/timer is linked to the hand- 
shake logic. If the port is specifie d in the input 
mode, the ti mer is in serted in the ACKIN path. 
The external ACKIN input triggers the timer 
and its output is used as the Interlocked Hand- 
shake's normal acknowledge input. If the port 
is an output por t, the timer is placed in the 
Data Available (DAV) output path. The timer is 
trigge red w hen the normal Interlocked Hand- 
shake DAV output goes Low a nd the timer out- 
put is used as the actual DAV output. The 
counter/timer maintains all of its normal 
capabilities. This handshake is not available to 
bidirectional ports. 
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Functional REQUEST/WAIT Line Operation. Port C can 
Description be programmed to provide a status signal out- 
( Continued) put in addition to the normal handshake lines 
for either Port A or B when used as a port with 
handshake. T he add itional signal is either a 
REQUEST or WAIT signal. The REQUEST 
signal indicates when a port is ready to per- 
form a data transfer via the CPU interface. It is 
intend ed for use with a DMA- type device. The 
WAIT signal provides synchronization for 
transfers with a CPU. Three bits in the Port 
Handshake Specificati on regi ster provide con- 
trols for the REQUEST/WAIT logic. Because 
the extra Port C line is used, only one port can 
be specifie d as a port with a handshake and a 
REQUEST/WAIT line. The other port must be 
a bit port. 

Operation of the REQUEST line is modified 
by the state of the port's Interrupt on Two 
Bytes (ITB) control bit. When ITB is 0, the 
REQUEST line goes active as soon as the CIO 
is ready for a data transfer. If ITB is 1, 
REQUEST does not go active until two bytes 
can be transferred. REQUEST stays active as 
long as a byte is available to be read or 
written. 

The SPECIAL REQUEST function is reserved 
for use with bidirectional ports only. In this 
case, the REQUEST line indicates the status of 
the register not bei ng us ed in the data path at 
that time. If the IN/OUT line is High, the 
REQUEST line is High when the Output 
register is empty. If IN/OUT is Low, the 
REQUEST line is High when the Input register 
is full. 

Pattern-Recognition Logic Operation. Both 
Ports A and B can be programmed to generate 
interrupts when a specific pattern is recog- 
nized at the port. The pattern- recognition logic 
is independent of the port application, thereby 
allowing the port to recognize patterns in all of 
its configurations. The pattern can be indepen- 
dently specified for each bit as 1 , 0, rising 
edge, falling edge, or any transition. Indi- 
vidual bits may be masked off. A pattern- 
match is defined as the simultaneous satisfac- 
tion of all nonmasked bit specifications in the 
AND mode or the satisfaction of any non- 
masked bit specifications in either of the OR or 
OR-Priority Encoded Vector modes. 
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Figure 9. Pulsed Handshake 



The pattern specified in the Pattern Defini- 
tion register assumes that the data path is pro- 
grammed to be noninverting. If an input bit in 
the data path is programmed to be inverting, 
the pattern detected is the opposite of the one 
specified. Output bits used in the pattern- 
match logic are internally sampled before the 
invert/noninvert logic. 

Bit Port Pattern-Recognition Operations. Dur- 
ing bit port operations, pattern-recognition 
may be performed on all bits, including those 
used as I/O for the counter/timers. The input 
to the pattern- recognition logic follows the 
value at the pins (through the invert/noninvert 
logic) in all cases except for simple inputs with 
l's catchers. In this case, the output of the l's 
catcher is used. When operating in the AND 
or OR mode, it is the transition from a no- 
match to a match state that causes the inter- 
rupt. In the "OR" mode, if a second match 
occurs before the first match goes away, it 
does not cause an interrupt. Since a match 
condition only lasts a short time when edges 
are specified, care must be taken to avoid 
losing a match condition. Bit ports specified in 
the OR-Priority Encoded Vector mode generate 
interrupts as long as any match state exists. A 
transition from a no-match to a match state is 
not required. 

The pattern-recognition logic of bit ports 
operates in two basic modes: transparent and 
latched. When the Latch on Pattern Match 
(LPM) bit is set to (Transparent mode), the 
interrupt indicates that a specified pattern has 
occurred, but a read of the Data register does 
not necessarily indicate the state of the port at 
the time the interrupt was generated. In the 
Latched mode (LPM= 1), the state of all the 
port inputs at the time the interrupt was 
generated is latched in the input register and 
held until IP is cleared. In all cases, the PMF 
indicates the state of the port at the time it is 
read. 

If a match occurs while IP is already set, an 
error condition exists. If the Interrupt On Error 
bit (IOE) is 0, the match is ignored. However, 
if IOE is 1 after the first IP is cleared, it is 
automatically set to 1 along with the Interrupt 
Error (ERR) flag. Matches occurring while ERR 
is set are ignored. ERR is cleared when the 
corresponding IP is cleared. 

When a pattern-match is present in the OR- 
Priority Encoded Vector mode, IP is set to 1 . 
The IP cannot be cleared until a match is no 
longer present. If the interrupt vector is allow- 
ed to include status, the vector returned dur- 
ing Interrupt Acknowledge indicates the 
highest priority bit matching its specification at 
the time of the Acknowledge cycle. Bit 7 is the 
highest priority and bit is the lowest. The bit 
initially causing the interrupt may not be the 
one indicated by the vector if a higher priority 
bit matches before the Acknowledge. Once the 



e 



889 



Functional Acknowledge cycle is initiated, the vector is 
Description frozen until the corresponding IP is cleared. 
(Continued) Where inputs that cause interrupts might 

change before the interrupt is serviced, the l's 
catcher can be used to hold the value. 
Because a no-match to match transition is not 
required, the source of the interrupt must be 
cleared before IP is cleared or else a second 
interrupt is generated. No error detection is 
performed in this mode, and the Interrupt On 
Error bit should be set to 0. 

Ports with Handshake Pattern-Recognition 
Operation. In this mode, the handshake logic 
normally controls the setting of IP and, 
therefore, the generation of interrupt requests. 
The pattern-match logic controls the Pattern- 
Match Flag (PMF). The data is compared with 
the match pattern when it is shifted from the 
Buffer register to the Input register (input port) 
or when it is shifted from the Output register to 
the Buffer register (output port). The pattern 
match logic can override the handshake logic 
in certain situations. If the port is programmed 
to interrupt when two bytes of data are 
available to be read or written, but the first 
byte matches the specified pattern, the 
pattern-recognition logic sets IP and generates 
an interrupt. While PMF is set, IP cannot be 
cleared by reading or writing the data 
registers. IP must be cleared by command. 
The input register is not emptied while IP is 
set, nor is the output register filled until IP is 
cleared. 

If the Interrupt on Match Only (IMO) bit is 
set, IP is set only when the data matches the 
pattern. This is useful in DMA-type application 
when interrupts are required only after a block 
of data is transferred. 

Counter/Timer Operation. The three 
independent 16-bit counter/timers consist of a 
presettable 16-bit down counter, a 16-bit Time 
Constant register, a 16- bit Current Counter 
register, an 8-bit Mode Specification register, 
an 8-bit Command and Status register, and the 
associated control logic that links these registers. 



Function 



C/T! C/T 2 C/T 3 



Counter/Timer Output 


PB4 


PBO 


PCO 


Counter Input 


PB5 


PB1 


PCI 


Trigger Input 


PB6 


PB2 


PC 2 


Gate Input 


PB7 


PB3 


PC 3 



Toble 2. Counter/Timer External Access 

The flexibility of the counter/timers is 
enhanced by the provision of up to four lines 
per counter/timer (counter input, gate input, 
trigger input, and counter/timer output) for 
direct external control and status. Counter/ 
Timer l's external I/O lines are provided by 
the four most significant bits of Port B. 
Counter/Timer 2's are provided by the four 
least significant bits of Port B. Counter/Timer 
3's external I/O lines are provided by the four 
bits of Port C. The utilization of these lines 
(Table 2) is programmable on a bit-by-bit basis 
via the Counter/Timer Mode Specification 
registers. 

When external counter/timer I/O lines are 
to be used, the associated port lines must be 
vacant and programmed in the proper data 
direction. Lines used for counter/timer I/O 
have the same characteristics as simple input 
lines. They can be specified as inverting or 
noninverting; they can be read and used with 
the pattern- recognition logic. They can also 
include the l's catcher input. 

Counter/Timers 1 and 2 can be linked inter- 
nally in three different ways. Counter/Timer 
l's output (inverted) can be used as Counter/ 
Timer 2's trigger, gate, or counter input. 
When linked, the counter/timers have the 
same capabilities as when used separately. The 
only restriction is that when Counter/Timer 1 
drives Counter/Timer 2's count input, 
Counter/Timer 2 must be programmed with 
its external count input disabled. 

There are three duty cycles available for the 
timer/counter output: pulse, one-shot, and 
square- wave. Figure 10 shows the counter/ 
timer waveforms. When the Pulse mode 



f_TL_ri_rLru~LriJi_ru~ 



TC TC-1 TC-1 TC-2 



PULSE OUTPUT 



SQUARE WAVE 
OUTPUT 

FIRST HALF - 



SQUARE WAVE 
OUTPUT 

SECOND HALF 



Figure 10. Counter/Timer Waveforms 
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Functional is specified, the output goes High for one 
Description clock cycle, beginning when the down-counter 
(Continued) leaves the count of 1. In the One- Shot mode, 

the output goes High when the counter/timer is 
triggered and goes Low when the down- 
counter reaches 0. When the square- wave out- 
put duty cycle is specified, the counter/timer 
goes through two full, sequences for each 
cycle. The initial trigger causes the down- 
counter to be loaded and the normal count- 
down sequence to begin. If a 1 count is 
detected on the down-counter's clocking edge, 
the output goes High and the time constant 
value is reloaded. On the clocking edge, when 
both the down-counter and the output are l's, 
the output is pulle d back Low. 

The Continuous/Single Cycle (C/SC) bit in 
the Mode Specification register controls opera- 
tion of the down- counter when it reaches ter- 
minal count. If C/SC is when a terminal 
count is reached, the countdown sequence 
stops. If the C/SC bit is 1 each time the count- 
down counter reaches 1 , the next cycle causes 
the time constant value to be reloaded. The 
time constant value may be changed by the 
CPU, and on reload, the new time constant 
value is loaded. 

Counter/timer operations require loading the 
time constant value in the Time Constant 
register and initiating the countdown sequence 
by loading the down-counter with the time 
constant value. The Time Constant register is 
accessed as two 8-bit registers. The registers 
are readable as well as writable, and the 
access order is irrelevant. A in the Time 
Constant register specifies a time constant of 
65,536. The down-counter is loaded in one of 
three ways: by writing a 1 to the Trigger Com- 
mand Bit (TCB) of the Command and Status 
register, on the rising edge of the external 
trigger input, or, for Counter/Timer 2 only, on 
the rising edge of Counter/Timer l's internal 
output if the counters are linked via the trigger 
input. The TCB is write-only, and read always 
returns 0. 

Once the down- counter is loaded, the count- 
down sequence continues toward terminal 
count as long as all the counter/timers' hard- 
ware and software gate inputs are High. If any 
of the gate inputs goes Low (0), the countdown 
halts. It resumes when all gate inputs are 1 
again. 

The reaction to triggers occurring during a 
countdown sequence is determined by the state 
of the Retrigger Enable Bit (REB) in the Mode 
Specification register. If REB is 0, retriggers 
are ignored and the countdown continues nor- 
mally. If REB is 1, each trigger causes the 
down-counter to be reloaded and the count- 
down sequence starts over again. If the output 
is programmed in the Square- Wave mode, 
retrigger causes the sequence to start over 
from the initial load of the time constant. 



The rate at which the down-counter counts is 
determined by the mode of the counter/timer. 
In the Timer mode (the External Count Enable 
[ECE] bit is 0), the down-counter is clocked 
internally by a signal that is half the frequency 
of the PCLK input to the chip. In the Counter 
mode (ECE is 1), the down-counter is decre- 
mented on the rising edge of the counter/ 
timer's counter input. 

Each time the counter reaches terminal 
count, its Interrupt Pending (IP) bit is set to 1, 
and if interrupts are enabled (IE= 1), an inter- 
rupt is generated. If a terminal count occurs 
while IP is already set, an internal error flag is 
set. As soon as IP is cleared, it is forced to 1 
along with the Interrupt Error (ERR) flag. 
Errors that occur after the internal flag is set 
are ignored. 

The state of the down-counter can be deter- 
mined in two ways: by reading the contents of JfJ 



the down- counter via the Current Count 



CO 



register or by testing the Count In Progress ** 

(CIP) status bit in the Command and Status g 

register. The CIP status bit is set when the ^ 

down-counter is loaded; it is reset when the 
down-counter reaches 0. The Current Count 
register is a 16-bit register, accessible as two 
8-bit registers, which mirrors the contents of 
the down- counter. This register can be read 
anytime. However, reading the register is 
asynchronous to the counter's counting, and 
the value returned is valid only if the counter 
is stopped. The down- counter can be reliably 
read "on the fly" by the first writing of a 1 to 
the Read Counter Control (RCC) bit in the 
counter/timer's Command and Status register. 
This freezes the value in the Current Count 
register until a read of the least significant 
byte is performed. 

Interrupt Logic Operation. The CIO has five 
potential sources of interrupts: the three 
counter/timers and Ports A and B. The 
priorities of these sources are fixed in the 
following order: Counter/Timer 3, Port A, 
Counter/Timer 2, Port B, and Counter/Timer 
1 . Since the counter/timers all have equal 
capabilities and Ports A and B have equal 
capabilities, there is no adverse impact from 
the relative priorities. 

The CIO interrupt priority, relative to other 
components within the system, is determined 
by an interrupt daisy chain. Two pins, Inter- 
rupt Enable In (IEI) and Interrupt Enable Out 
(IEO), provide the input and output necessary 
to implement the daisy chain. When IEI is 
pulled Low by a higher priority device, the 
CIO cannot request an interrupt of the CPU. 
The following discussion assumes that the IEI 
line is High. 

Each source of interrupt in the CIO contains 
three bits for the control and status of the 
interrupt logic: an Interrupt Pending (IP) 
status bit, an Interrupt Under Service (IUS) 
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Functional status bit, and an Interrupt Enable (IE) control 
Description bit. IP is set when an event requiring CPU 
(Continued) intervention occurs. T he s etting of IP results in 
forcing the Interrupt (INT) output Low, if the 
associated IE is 1 . 

The IUS status bit is set as a result of the 
Interrupt Acknowledge cycle by the CPU and 
is set only if its IP is of highest priority at the 
time the Interrupt Acknowledge commences. 
It can also be set directly by the CPU. Its 
primary function is to control the interrupt 
daisy chain. When set, it disables lower prior- 
ity sources in the daisy chain, so that lower 
priority interrupt sources do not request ser- 
vicing while higher priority devices are being 
serviced. 

The IE bit provides the CPU with a means of 
masking off individual sources of interrupts. 
When IE is set to 1 , interrupt is generated nor- 
mally. When IE is set to 0, the IP bit is set 
when an event occurs that wo uld n ormally 
require service; however, the INT output is not 
forced Low. 

The Master Interrupt Enable (MIE) bit allows 
all sources of interrupts within the CIO to be 
disabled without having to individually set 
each IE to 0. If MIE is set to 0, all IPs are 
masked off and no interrupt can be requested 
or acknowledged. The Disable Lower Chain 
(DLC) bit is included to allow the CPU to 
modify the system daisy chain. When the DLC 
bit is set to 1 , the CIO's IEO is forced Low, 
independent of the state of the CIO or its IEI 



input, and all lower priority devices' interrupts 
are disabled. 

As part of the Interrupt Acknowledge cycle, 
the CIO is capable of responding with an 8-bit 
interrupt vector that specifies the source of the 
interrupt. The CIO contains three vector 
registers: one for Port A, one for Port B, and 
one shared by the three counter/timers. The 
vector output is inhibited by setting the No 
Vector (NV) control bit to 1 . The vector output 
can be modified to include status information 
to pinpoint more precisely the cause of inter- 
rupt. Whether the vector includes status or not 
is controlled by a Vector Includes Status (VIS) 
control bit. Each base vector has its own VIS 
bit and is controlled independently. When 
MIE = 1, reading the base vector register 
always includes status, independent of the 
state of the VIS bit. In this way, all the infor- 
mation obtained by the vector, including 
status, can be obtained with one additional 
instruction when VIS is set to 0. When 
MIE = 0, reading the vector register returns 
the unmodified base vector so that it can be 
verified. Another register, the Current Vector 
register, allows use of the CIO in a polled en- 
vironment. When read, the data returned is 
the same as the interrupt vector that would be 
output in an acknowledge, based on the 
highest priority IP set. If no unmasked IPs are 
set, the value FFh is returned. The Current 
Vector register is read-only. 



Programming The data registers within the CIO are 

directly accessed by address lines Aq and Ai 
(Table 3). All other internal registers are 
accessed by the following two-step sequence, 
with the address lines specifying a control 
operation. First, write the address of the target 
register to an internal 6-bit Pointer Register; 
then read from or write to the target register. 
The Data registers can also be accessed by 
this method. 

An internal state machine determines if 
accesses with Ao and Ai equalling 1 are to the 
Pointer Register or to an internal control 
register (Figure 11). Following any control 
read operation, the state machine is in State 
(the next control access is to the Pointer 
Register) . This can be used to force the state 
machine into a known state. Control reads in 
State return the contents of the last register 



pointed to. Therefore, a register can be read 
continuously without writing to the Pointer. 
While the CIO is in State 1 (next control 
access is to the register pointed to), many 
internal operations are suspended — no IPs are 
set and internal status is frozen. Therefore, to 
minimize interrupt latency and to allow con- 
tinuous status updates, the CIO should not be 

left inState 1. 

The CIO is reset by forcing RD and WR Low 
simultaneously (normally an illegal condition) 
or by writing a 1 to the Reset bit. Reset 
disables all functions except a read from or 
write to the Reset bit; writes to all other bits 
are ignored, and all reads return 01 h- In this 
state, all control bits are forced to and may 
be programmed only after clearing the Reset 
bit (by writing a to it). 



Ai Aq 



Register 









Port C's Data Register 





1 


Port B's Data Register 


1 





Port A's Data Register 


1 


1 


Control Registers 




State changes occur only when Aq = A} = 1 . No other 
3 have effect. 



Table 3. Register Selection 



Figure 11. State Machine Operation 
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Registers 



Master Interrupt Control Register 

Address: 000000 
(Read/Write) 

[d7[p 6 J D 5 1 D 4 1 D 3 I D 2 1 Pi I Dp J 



J 



DISABLE LOWER CHAIN (DLC) - 



PORT A VECTOR INCLUDES - 
STATUS (PA VIS) 



L„ 



- RIGHT JUSTIFIED ADDRESSES 

= SHIFT LEFT (A from AD t ) 

1 -RIGHT JUSTIFY (A from AD ) 

- COUNTER/TIMERS VECTOR 
INCLUDES STATUS (CT VIS) 



Master Configuration Control Register 

Address: 000001 
(Read/Write) 



PORT 
ENABLE (PBE) 

COUNTER/TIMER 1 - 
ENABLE (CT1E) 



| D 7 | D, | D 6 | D 4 | D 3 | D 2 | D, | o] 

J 



- PORT B VECTOR INCLUDES 
STATUS (PB VIS) 



PORT C AND COUNTER/ - 
TIMER 3 ENABLE 
(PCE AND CT3E) 



COUNTER/TIMER LINK 
CONTROLS (LC) 
LCI LC0 
COUNT ER/TIME RS INDEPENDENT 

1 C/T 1'8 OUTPUT GATES C/T 2 

1 C/T 1'8 OUTPUT TRIGGERS C/T 2 
1 1 C/T 1'8 OUTPUT IS C/T 2's 

COUNT INPUT 

■ PORT A ENABLE (PAE) 

■ PORT LINK CONTROL (PLC) 

0» PORTS A AND B OPERATE INDEPENDENTLY 
1 - PORTS A AND B ARE LINKED 



Figure 12. Master Control Registers 



Port Mode Specification Registers 

Addresses: 100000 Port A 
101000 Port B 
(Read/Write) 



|d 7 |d 6 |d 5 |d 4 |d 3 |d 2 



zr 

PORT TYPE ' 

SELECTS (PTS) 
PTS1 PTSO . 
BIT PORT 

1 INPUT PORT 

1 OUTPUT PORT 

1 1 BIDIRECTIONAL 



INTERRUPT ON TWO - 



D il D °l 



- LATCH ON PATTERN MATCH (LPM) 
(BIT MODE) 

DESKEW TIMER ENABLE (DTE) 
(HANDSHAKE MODES) 

- PATTERN MODE SPECIFICATION 
BITS (PMS) 

PMS1 PMSO 
DISABLE PATTERN MATCH 

1 "AND"MODE 

1 "OR" MODE 

1 1 "ORPRIORITY ENCODED 

VECTOR" MODE 

- INTERRUPT ON MATCH ONLY (IMO) 



Port Handshake Specification Registers 

Addresses: 100001 Port A 
101001 Port B 
(Read/Write) 

| P 7 | D a | D s I D 4 I D 3 I D 2 I Pi I P7| 



■ IT 



HANDSHAKE TYPE SPECIFICATION - 

BITS (HTS) 
HTS1 HTSO 
INTERLOCKED HANDSHAKE 

1 STROBED HANDSHAKE 

1 PULSED HANDSHAKE 

1 1 THREE-WIRE HANDSHAKE 



REQUEST/WAIT SPECIFICATION BITS 

(RWS) 
RWS2 RWS1 RWSO FUNCTION 

REQUEST/WAIT DISABLED 

1 OUTP UT WA IT 

1 1 INPUT WAIT 

1 SPECIAL REQUEST 
1 1 OUTPUT REQUEST 
1 1 1 INPUT REQUEST 



- DESKEW TIME SPECIFICATION 
BITS 

SPECIFIES THE MSB's OF 
DESKEW TIMER TIME CONSTANT. 
LSB IS FORCED 1 



01 



Port Command and Status Registers 

Addresses: 001000 Port A 
001001 Port B 
(Read/Partial Write) 

[P, | D, | D B | P 4 [ D, | D, | P, j Dc | 



INTERRUPT ENABLE (IE) 
INTERRUPT PENDING (IP) 



NULL CODE 

CLEAR IP & IUS 

SET IUS 

CLEAR IUS 

SET IP 

CLEAR IP 

SET IE 

CLEAR IE 

INTERRUPT ERROR (ERR) 
(READ ONLY) 



J 

_J 

I I 
I I 

_o__o__o 

_0__0__1 
_0__1_ 

A LI 

J__0__0 
J__0__1 
1 1 "o 



L 



INTERRUPT ON ERROR (IOE) 



■ INPUT REGISTER FULL (IRF) 



Figure 13. Port Specifications Registers 
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Registers 

(Continued) 



Data Path Polarity Registers 

Addresses : 1 000 1 Port A 
101010 Port B 

000101 Port C (4 LSBs only) 
(Read/Write) 

j D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | D | 



Data Direction Registers 

Addresses: 100011 Port A 
101011 PortB 

000110 PortC (4 LSBs only) 
(Read/Write) 



EH 



M^M 



• DATA PATH POLARITY (DPP) 
= NON-INVERTING 
1= INVERTING 



- DATA DIRECTION (DD) 
= OUTPUT BIT 
1= INPUT BIT 



Special I/O Control Registers 

Addresses: 100100 Port A 
101100 PortB 

000111 Port C (4 LSBs only) 
(Read/Write) 

j D 7 | D 6 | D s | D 4 | D 3 | D 2 1 D, 1 D | 



■ SPECIAL INPUT/OUTPUT (SIO) 

- NORMAL INPUT OR OUTPUT 

1 = OUTPUT WITH OPEN DRAIN OR 

INPUT WITH 1's CATCHER 



Figure 14. Bit Path Definition Registers 



Port Data Registers 

Addresses: 001101 Port A* 
001110 PortB* 
(Read/Write) 

| D 7 | D 6 | D s | D 4 | D 3 | D 2 | D 1 | D„ | 



* These registers can be 
addressed directly. 



Port C Data Register 

Address: 0011 11* 
(Read/Write) 



D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | D | 




1 | 


(ft 

















4MSBS 
0- WRITING OF CORRESPONDING LSB ENABLED 
1 -WRITING OF CORRESPONDING LSB INHIBITED 
(READ RETURNS 1) 



Figure 15. Port Data Registers 



Pattern Polarity Registers (PP) 

Addresses: 100101 Port A 
101101 PortB 
(Read/Write) 



Pattern Transition Registers (PT) 

Addresses: 100110 Port A 
101110 PortB 
(Read/Write) 



Pattern Mask Registers (PM) 

Addresses: 100111 Port A 
101111 PortB 
(Read/Write) 



D 7 | D„ | D 5 | D 4 | D 3 | D 2 | D, | D 
D 7 1 D 6 | D 5 | D 4 | D 3 | D 2 | P, | D 

D 7 I D 6 I D s t D 4 I D 3 I D 2 I D, I D 



PM PT PP PATTERN SPECIFICATION 
X BIT MASKED OFF 
ANY TRANSITION 



►10 ZERO 



ONE 

ONE TO ZERO TRANSITION (k) 

ZERO-TO-ONE TRANSITION (?) 



Figure 16. Pattern Definition Registers 
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Registers 

(Continued) 



Counter/Timer Command and Status Registers 

Addresses: 001010 Counter/Timer 1 
001011 Counter/Timer 2 
001100 Counter/Timer 3 
(Read/Partial Write) 



INTERRUPT UNDER SERVICE (IUS) - 



INTERRUPT ENABLE (IE) - 



| D 7 | P e 1 D 5 | D 4 | D 3 | Pg 1 Pi | Dp | 



INTERRUPT PENDING (IP) 



NULL CODE 

CLEAR IP & IUS 

SET IUS 

CLEAR IUS 

SET IP 

CLEAR IP 

SET IE 

CLEAR IE 



I I 
I I 


_0__0__1 
_0__1__0 

JLJLJ. 

_1_ _£__£ 

1 1 



- TRIGGER COMMAND BIT (TCB) 
(WRITE ONLY ■ READ RETURNS 0) 

- GATE COMMAND BIT (GCB) 



- READ COUNTER CONTROL (RCC) 
(READ/SET ONLY - 
CLEARED BY READING CCR LSB) 



Counter/Timer Mode Specification Registers 

Addresses: 011100 Counter/Timer 1 
011101 Counter/Timer 2 
011110 Counter/Timer 3 
(Read/Write) 

| 7 1 D 6 | D 5 | D 4 | D 3 | D 2 1 0, | D, | 



§ 



CONTINUOUS SJN- 
GLE CYCLE (C/SC) 

EXTERNAL OUTPUT - 
ENABLE (EOE) 

EXTERNAL COUNT - 
ENABLE (ECE) 

EXTERNAL TRIGGER - 
ENABLE (ETE) 



J 



~E 



OUTPUT DUTY CYCLE 
SELECTS (DCS) 



PULSE OUTPUT 

1 ONE-SHOT OUTPUT 

1 SQUARE-WAVE OUTPUT 
1 1 DO NOT SPECIFY 

- RETRIGGER ENABLE BIT (REB) 

- EXTERNAL GATE ENABLE (EGE) 



Counter/Timer Current Count Registers 

Addresses: 010000 Counter/Timer l's MSB 
010001 Counter/Timer l's LSB 

010010 Counter/Timer 2's MSB 

010011 Counter/Timer 2's LSB 

010100 Counter/Timer 3's MSB 

010101 Counter/Timer 3's LSB 
(Read Only) 

| D 7 | D 6 | D s | D 4 | D $ | D 2 j ^ | D | D y | D 6 | D s | D 4 | D 3 | D 2 | D 1 | p7] 



Counter/Timer Time Constant Registers 

Addresses: 010110 Counter/Timer l's MSB 
010111 Counter/Timer l's LSB 

01 1000 Counter/Timer 2's MSB 

011001 Counter/Timer 2's LSB 

011010 Counter/Timer 3's MSB 

011011 Counter/Timer 3's LSB 
(Read/Write) 

j D 7 | D 6 | D s | D 4 | D 3 | D 2 | D 1 | D, | D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, 1 d7| 



Figure 17. Counter/Timer Registers 
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Registers 

(Continued) 



Interrupt Vector Register 

Addresses: 000010 Port A 
000011 PortB 
000100 Counter/Timers 
(Read/Write) 



Current Vector Register 

Address: 011111 
(Read only) 

j D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D, | d7| 



| P 7 j D 6 | P s j D 4 | D 3 | 2 | P-, | D | 



- INTERRUPT VECTOR 



- INTERRUPT VECTOR BASED 
ON HIGHEST PRIORITY 
UNMASKED IP. 
IF NO INTERRUPT PENDING 
ALL 1's OUTPUT. 



PORT VECTOR STATUS 

PRIORITY ENCODED VECTOR MODE: 

D3 Dj Di 



ALL OTHER MODES 
D3 D2 Di 
ORE IRF PMF NORMAL 



COUNTER/TIMER STATUS 



cn-3 

OT2 
C/T1 
ERROR 



Figure 18. Interrupt Vector Registers 



Register 
Address 
Summary 





Main Control Registers 




Port A Specification Registers 


Address 


Register Name 


Address 


Register Name 


000000 


Master Interrupt Control 


100000 


Port A's Mode Specification 


000001 


Master Configuration Control 


100001 


Port A's Handshake Specification 


000010 


Port A's Interrupt Vector 


100010 


Port A's Data Path Polarity 


000011 


Port B's Interrupt Vector 


100011 


Port A's Data Direction 


000100 


Counter/Timer's Interrupt Vector 


100100 


Port A's Special I/O Control 


000101 


Port C's Data Path Polarity 


100101 


Port A's Pattern Polarity 


000110 


Port C's Data Direction 


100110 


Port A's Pattern Transition 


000111 


Port C's Special I/O Control 


100111 


Port A's Pattern Mask 




Most Often Accessed Registers 




Port B Specification Registers 


Address 


Register Name 


Address 


Register Name 


001000 


Port A's Command and Status 


101000 


Port B's Mode Specification 


001001 


Port B's Command and Status 


101001 


Port B's Handshake Specification 


001010 


Counter/Timer l's Command and Status 


101010 


Port B's Data Path Polarity 


001011 


Counter/Timer 2's Command and Status 


101011 


Port B's Data Direction 


001100 


Counter/Timer 3's Command and Status 


101100 


Port B's Special I/O Control 


001101 


Port A's Data (can be accessed directly) 


101101 


Port B's Pattern Polarity 


001110 


Port B's Data (can be accessed directly) 


101110 


Port B's Pattern Transition 


001111 


Port C's Data (can be accessed directly) 


101111 


Port B's Pattern Mask 




Counter/Timer Related Registers 




Address 


Register Name 






010000 


Counter/Timer l's Current Count-MSBs 






010001 


Counter/Timer l's Current Count- LSBs 






010010 


Counter/Timer 2's Current Count-MSBs 






010011 


Counter/Timer 2's Current Count-LSBs 






010100 


Counter/Timer 3's Current Count-MSBs 






010101 


Counter/Timer 3's Current Count-LSBs 






010110 


Counter/Timer l's Time Constant-MSBs 






010111 


Counter/Timer l's Time Constant-LSBs 






011000 


Counter/Timer 2's Time Constant-MSBs 






011001 


Counter/Timer 2's Time Constant-LSBs 






011010 


Counter/Timer 3's Time Constant-MSBs 






011011 


Counter/Timer 3's Time Constant-LSBs 






011100 


Counter/Timer l's Mode Specification 






011101 


Counter/Timer 2's Mode Specification 






011110 


Counter/Timer 3's Mode Specification 






011111 


Current Vector 
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Timing Read Cycle. At the beginning of a read cycle, 

the CPU places an address on the address bus. 
Bits Ao and Ai specify a CIO register; the 
remaining address bits and status information 
are combined and decoded to generate a Chip 
EnableJCE) signal that selects the CIO. When 
Read (RD) goes Low, data from the specified 
register is gated onto the data bus. 



Write Cycle. At the beginning of a write 
cycle, the CPU places an address on the data 
bus. Bits Ao and Ai specify a CIO register; the 
remaining address bits and status information 
are combined and decoded to generate a Chip 
Enable (CE) signal that selects the CIO. When 
WR goes Low, data placed on the bus by the 
CPU is strobed into the specified CIO register. 
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Figure 19. Read Cycle Timing 



Figure 20. Write Cycle Timing 






Interrupt Acknowl edg e. The CIO pulls its 
Interrupt Request (INT) line Low, requesting 
interrupt service from the CPU, if an Interrupt 
Pending (IP) bit is set and interrupts are 
enabled. The CPU responds with an Interrupt 
Ackno wledge c ycle. When Interrupt Acknowl- 
edge (INTACK) goes true and the IP is set, the 



CIO forces Interrupt Enable Out (IEO) Low, 
disabling all lower priority devices in the inter- 
rupt daisy chain. If the CIO is the highest 
priority device requesting service (IEI is 
High), it places its interrupt vector on the data 
bus and sets the Interrupt Under Service (IUS) 
bit when Read (RD) goes Low. 
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Figure 21. Interrupt Acknowledge Timing 
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Absolute Voltages on all pins with respect 

Maximum toGND -0.3V to +7.0V 

Ratings Operating Ambient 

Temperature See Ordering Information 

Storage Temperature -65°C to + 150°C 



Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



Standard The DC characteristics and capacitance sec- 

Test tions below apply for the following standard test 

Conditions conditions, unless otherwise noted. All voltages 

are referenced to GND. Positive current flows 

into the referenced pin. 
Standard conditions are as follows: 

■ +4.75 V < V cc £ +5.25 V 

■ GND = V 

■ Ta as specified in Ordering Information 



The Ordering Information section lists temper- 
ature ranges and product numbers. Package 
drawings are in the Package Information section 
in this book. Refer to the Literature List for addi- 
tional documentation. 

All ac parameters assume a load capacitance 
of 50 pf max. 




Figure 22. Standard Test Load 



Figure 23. Open-Drain Test Load 



DC 
Charac- 


Symbol 


Parameter 


Min 


Max 


Unit 


Condition 














teristics 


VlH 


Input High Voltage 


2.0 


Vqc + 0.3 


V 






VlL 


Input Low Voltage 


-0.3 


0.8 


V 






VOH 


Output High Voltage 


2.4 




V 


Iq H = -250/aA 




Vol 


Output Low Voltage 




0.4 
0.5 


V 
V 


I ol = +2.0 mA 
I OL = +3.2 mA 




Iil 


Input Leakage 




±10.0 


fiA 


0.4 < V IN < +2.4 V 




Iol 


Output Leakage 




±10.0 


HA 


0.4 < V OUT < +2.4 V 




fee 


V cc Supply Current 




200 


mA 






Vqq = 5 V ± 5% unless otherwise specified, over 


specified temperature 


range. 






Capacitance 


Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 




ClN 


Input Capacitance 




10 


pf 






C OUT 


Output Capacitance 




15 


pf 






c i/o 


Bidirectional Capacitance 




20 


pf 





f = 1 MHz, over specified temperature range. 
Unmeasured pins returned to ground. 
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No. 


Symbol 


Parameter 


4 MHz 
Min Max 


6 MHz 
Min Max 


Notes*t 


1 


TcPC 


PCLK Cycle time 


250 


4000 


165 


4000 




2 


TwPCh 


PCLK Width (High) 


105 


2000 


70 


2000 




3 


TwPCl 


PCLK Width (Low) 


105 


2000 


70 


2000 




4 


TrPC 


PCLK Rise Time 




20 




10 




5- 


-TfPC 

TsIA(PC) 


- PCLK Fall Time 


100 


20 


100 


15 — 




6 


INTACK to PCLK t Setup Time 




7 


ThlA(PC) 
TsIA(RD) 


INTACK to PCLK t Hold Time 



200 





200 






8 


INTACK to RD 1 Setup Time 




9 


ThlA(RD) 

TeTflnA/Th 


INTACK to RD t Hold Time 



200- 





— 200- 






lO- 


- INTACK to WR 1 Setup Time 








ll 


ThlA(WR) 


INTACK to WR t Hold Time 














12 


TsA(RD) 


Address to RD i Setup Time 


80 




80 






13 


ThA(RD) 


Address to RD t Hold Time 














14 


TsA(WR) 


Address to WR i Setup Time 


80 




80 






15- 




- Address to WR t Hold Time 


0- 




0- 










16 


TsCEl(RD) 


CE Low to RD i Setup Time 












1 


17 


TsCEh(RD) 


CE High to RD 1 Setup Time 


100 




70 




1 


18 


ThCE(RD) 


CE to RD t Hold Time 












1 


19 


TsCEl(WR) 


CE Low to WR 1 Setup Time 














20- 


-TsCEh(WR) — 


- CE High to WR i Setup Time 


100- 




70- 






21 


ThCE(WR) 


CE to WR t Hold Time 














22 


TwRDl 


RD Low Width 


390 




250 




1 


23 


TdRD(DRA) 


RD 1 to Read Data Active Delay 














24 


TdRDf(DR) 


RD I to Read Data Valid Delay 




255 




180 




25- 


-TdRDr(DR) 


- RD t to Read Data Not Valid Delay 


o- 




0- 






26 


TdRD(DRz) 


RD t to Read Data Float Delay 




70 




45 


2 


27 


TwWRl 


WR Low Width 


390 




250 






28 


TsDW(WR) 


Write Data to WR i Setup Time 














29 


ThDW(WR) 


Write Data to WR t Hold Time 














30 


Trc 


Valid Access Recovery Time 


1000* 




650 




3 


31 


TdPM(INT) 


Pattern Match to INT Delay (Bit Port) 




2 + 800 




2 


6 


32 


TdACK(INT) 


ACKIN to INT Delay (Port with Handshake) 




10 + 600 




10 


4,6 


33 


TdCI(INT) 


Counter Input to INT Delay (Counter Mode) 




2 + 700 




2 


6 


34 


TdPC(INT) 


PCLK to INT Delay (Timer Mode) 




3 + 700 




3 


6 




TsIA(RDA) 




350 




250 






35 


INTACK to RD J (Acknowledge) Setup Time 


5 


36 


TwRDA 


RET(Acknowledge) Width 


350 




250 






37 


TdRDA(DR) 


REM (Acknowledge) to Read Data Valid Delay 




250 




180 




38 


TdlA(IEO) 


INTACK i to IEO i Delay 




350 




250 


5 


39- 


T, lTTnYTTVPrt 






— 150 




— 100 


5— 






40 


TsIEI(RDA) 


IEI to RD~J (Acknowledge) Setup Time 


100 




70 




5 


41 


ThlEI(RDA) 


IEI to RD t (Acknowledge) Hold Time 


100 




70 






42 


TdRDA(INT) 


RD~l (Acknowledge) to INT t Delay 




600 




600 





NOTES: 

1 . Parameter does not apply to Interrupt Acknowledge trans- 
actions. 

2. Float delay is measured to the time when the output has 
changed 0.5 V with minimum ac load and maximum dc load. 

3. Trc is the specified number or 3 TcPC, whichever is longer. 

4. The delay is from DAV I for 3- Wire Input Handshake. The 
delay is from DAC t for 3-Wire Output Handshake. 

5. The parameters for the devices in any particular daisy chain 
must meet the following constraint: The delay from INTACK I 



to RD 1 must be greater than the sum of TdlA(IEO) for the 
highest priority peripheral, TsIEI(RDA) for the lowest priority 
peripheral, and TdlEI(IEO) for each peripheral separating them 
in the chain. 

6. Units are equal to TcPC plus ns . 

* Timings are preliminary and subject to change. All timing refer- 
ences assume 2.0 V for a logic "1" and 0.8 V for a logic "0". 

t Units in nanoseconds (ns), except as noted. 
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No. 


Symbol 


Parameter 


4 MHz 
Min Max 


6 MHz 
Min Max 


Notes*t 




TsDI(ACK) 
ThDI(ACK) 

TdACKf(RFD) 
TwACKl 

- TwACKh 

TdRFDr(ACK) 
TsDO(DAV) 
TdDAVf(ACK) 
ThDO(ACK) 

-TdACK(DAV)- 
THDI(RFD) 

TdRFDf(ACK) 
TdACKr(RFD) 

TdDAVr(ACK) 





500 



250 

-250 



25 



2 







20 



2 




1 
2 


Data Input to ACKIN i Setup Time 

Data Input to ACKIN 1 Hold Time- 
Strobed Handshake 




3 
4 


ACKIN i to RFD I Delay 

ACKIN Low Width— Strobed Handshake 




5- 

6 

7 

8 

9 


- ACKIN High Width-Strobed Handshake 

RFD t to ACKIN i Delay 
Data Out to DAV 1 Setup Time 
DAV I to ACKIN i Delay 
Data Out to ACKIN J Hold Time 


1 
2 


lO- 
ll 


- ACKIN i to DAV t Delay ■ 

Data Input to RFD i Hold Time— Interlocked 
Handshake 




2. 











A 


12 
13 


RFD 1 to ACKIN t Delay Interlocked Handshake 

ACKIN t (DAV t) to RFD t Delay— Interlocked and 
3-Wire Handwshake 




14 


DAV t to ACKIN t (RFD t )— Interlocked and 3- Wire 
Handshake 





15 — TdACK(DAV) — ACKIN I (RFD !) to DAV I Delay— Interlocked and - 

3-Wire Handshake 

16 TdDAVIf(DAC) DAV I to DAC t Delay— Input 3-Wire Handshake 

17 ThDI(DAC) Data Input to DAC t Hold Time— 3-Wire Handshake 

18 TdDACOr(DAV) DAC t to DAV t Delay-Input 3-Wire Handshake 

19 TdDAVIr(DAC) DAV t to DAC I Delay— Input 3-Wire Handshake 

20 — TdDAVOf(DAC) DAV I to DAC t Delay— Output 3-Wire Handshake — 

21 ThDO(DAC) Data Output to DAC t Hold Time— 3-Wire 

Handshake 2 2 2 

22 TdDACIr(DAV) DAC t to DAV t Delay— Output 3-Wire Handshake 2 2 2 

23 TdDAVOr(DAC) DAV t to DAC I Delay— Output 3-Wire Handshake 

NOTES: 

1. This time can be extended through the use of deskew timers. * Timings are preliminary and subject to change. All timing refer- 

2. Units egual to TcPC. ences assume 2.0 V for a logic "1" and 0.8 V for a logic "0". 

t Units in nanoseconds (ns), except as noted. 
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Counter/ 

Timer 

Timing 




Notes*t A 

5 



No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



8 TwTI 

9 TsGI(PC) 
10 — TsGI(CI)- 



11 ThGI(PC) 

12 ThGI(CI) 

13 TdPC(CO) 

14 TdCI(CO) 



1 TcCI Counter Input Cycle Time 

2 TCIh Counter Input High Width 

3 TWCI1 Counter Input Low Width 

4 TfCI Counter Input Fall Time 

5 — TrCI Counter Input Rise Time 

6 TsTI(PC) Trigger Input to PCLK i Setup Time (Timer Mode) 150 

7 TsTI(CI) Trigger Input to Counter Input J Setup Time 150 

(Counter Mode) 

Trigger Input Pulse Width (High or Low) 200 

Gate Input to PCLK I Setup Time (Timer Mode) 100 

- Gate Input to Counter Input i Setup Time 100 - 

(Counter Mode) 

Gate Input to PCLK i Hold Time (Timer Mode) 100 

Gate Input to Counter Input i Hold Time 100 

(Counter Mode) 

PCLK to Counter Output Delay (Timer Mode) 

Counter Input to Counter Output Delay 
(Counter Mode) 



500 




330 




230 




150 




230 




150 






20 




15 




— 20 




— 15 



475 
475 



NOTES 

1 . These parameters must be met to guarantee trigger or gate 
are valid for the next counter/timer cycle. 



* Timings are preliminary and subject to change. All timing refer- 
ences assume 2.0 V for a logic "1" and 0.8 V for a logic "0". 
t Units in nanoseconds (ns). 
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REQU EST/ 

WAIT 

Timing 



\ 



"\ 



_L 



\ 






-O- 



-Q>- 



I 



f 



No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*t 



1 TdRD(REQ) 

2 TdRD(WAIT) 

3 TdWR(REQ) 

4 TdWR(WAIT) 

5 — TdPC(REQ) 

6 TdPC(WAIT) 

7 TdACK(REQ) 

8 TdACK(WAIT) 



RD i to REQ I Delay 



RD I to WAIT i Delay 
WR \ to REQ I Delay 
WR i to WAIT I Delay 
■PCLK i to REQ t Delay- 



PCLK I to WAIT t Delay 
ACKIN I to REQ t Delay 



ACKIN i to WAIT t Delay 



500 
500 
500 
500 

300 — 

300 
8+1000 
10 + 600 



1,2 
1,2 



NOTES: 

1 . The delay is fronm DAV J for 3-Wire Input Handshake. The 
delay is from DAC t for 3-Wire Output Handshake. 

2. Units equal to TcPC + ns. 



* Timings are preliminary and subject to change. All timing refer- 
ences assume 2.0 V for a logic "1" and 0.8 V for a logic "0". 
T Units in nanoseconds (ns), except as noted. 



Reset 
Timing 




f 



No. Symbol 



Parameter 



4 MHz 
Min Max 



6 MHz 
Min Max 



Notes*t 



1 


TdRD(WR) 


Delay from RD t to WR 1 f or No Reset 


50 


50 


2 


TdWR(RD) 


Delay from WR t to RD 1 f or No Reset 


50 


50 


3 


TwRES 


Minimum Width of RD and WR both Low for Reset 


250 


250 



* Timings are preliminary and subject to change. All timing refer- 
ences assume 2.0 V for a logic "1" and 0.8 V for a logic "0". 



t Units m nanoseconds (ns). 
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Miscellaneous 
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PA ||ItCH /^ PATTERN MATCHES j( 










INPUT(S) 


^ ^ 


. (T) * 


< 








*— ** 








DATA TO BE \ . 
LATCHED TO A 


^ 






PATTERN MATCH T 












4 MHz 


6 MHz 






No. 


Symbol 


Parameter 


Min Max 


Min 


Max 


Notes*t 




1 


TrI 


Any Input Rise Time 




100 




100 






2 


Tfl 


Any Input Fall Time 




100 




100 






3 


Twl's 


l's Catcher High Width 


250 




170 




1 


N 

00 
Ol 


4 


TwPM 


Pattern Match Input Valid (Bit Port) 


750 




500 






5 


TsPMD 


Data Latched on Pattern Match Setup Time (Bit Port) 











6* 

n 


6 


ThPMD 


Data Latched on Pattern Match Hold Time (Bit Port) 1000 




650 







NOTES 

1 If the input is programmed inverting, a Low-going pulse of the 
same width will be detected 



* Timings are preliminary and subject to change All timing 

references assume 2 V for a logic "1" and 0.8 V for a logig "0" 
t Units in nanoseconds (ns) 



905 



ORDERING INFORMATION 



40-pin DIP 

Z8536 PS 
Z8536 CS 
Z8536 PE 
Z8536 CE 
Z8536CM* 
Z8536CMB* 



Z8536 CIO, 4.0 MHz 
44-pin LCC 

Z8536LM* 
Z8536LMB*t 



44-pin PCC 

Z8536 VS 



Z8536A CIO, 6.0 MHz 



40-pin DIP 

Z8536A PS 

Z8536ACS 

Z8536A PE 

Z8536ACE 

Z8536ACM* 

Z8536ACMB* 



44-pin LCC 44-pin PCC 

Z8536ALM* Z8536AVS 

Z8536ALMB*f 



Codes 

First letter is for package; second letter is for temperature. 

C = Ceramic DIP 

P = Plastic DIP 

L = Ceramic LCC 

V = Plastic PCC 



TEMPERATURE 
S =0°Cto+70°C 
E = -40°Cto +85°C 
M*= -55°Cto+125°C 

Example: PS is a plastic DIP, 0°C to + 70°C. 



t Available soon. 

* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual-ln-Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 

FLOW 

B = 883 Class B 
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Zilog 



Product 
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April 1985 



FEATURES 

■ Two independent 20 MHz oscillators generate two 10 
MHz clock outputs and one 20 MHz clock output. 

■ Oscillator input frequency sources can be either crystals 
or external oscillators. 

■ Outputs directly drive the Z80, Z8000, 8086, 8088, and 
68000 microprocessor clock inputs. 

■ Can be used as a general-purpose clock generator. 

■ 18-pin slimline package used; single +5V dc power 
required. 



Provides ability to stretch High and/or Low phase of clock 
signal under external control. 

□ On-chip 2-bit counter can be used to selectively 
stretch clock cycles. 

On-chip reset logic 

□ Reset output is synchronized with System Clock 
output. 

□ Power-up reset period is maintained for a minimum of 
30 ms. 

□ External input initiates system reset. 



Ol 



GENERAL DESCRIPTION 



The Z8581 Clock Generator and Controller is a versatile 
addition to Zilog's family of Universal microprocessor 
components. The selective clock-stretching capabilities and 
variety of timing outputs produced by this device allow it to 
easily meet the timing design requirements of systems with 
microprocessors and LSI peripherals. The clock output 
drivers of the Z8581 also meet the non-TTL voltage 
requirements for driving NMOS clock inputs with no 



additional external components. The Z8581 provides an 
elegant, single-chip solution to the design of system clocks 
for microprocessor-based products. 

The Z8581 oscillators are referenced as the system clock 
oscillator and the general-purpose clock oscillator. Both 
oscillators are driven by external crystals or other frequency 
sources. 
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Figure 1. Pin Functions 
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Figure 2. Pin Assignments 
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PIN DESCRIPTIONS 



Figures 1 and 2, respectively, show the pin functions and 
assignments of the Z8581 . Tie unused inputs High through 
a resistor. 



ADD1 , ADD2. Add Delay 1 (input, active Low) and Add 
Delay 2 (input, active Low). These signals control the 
addition of one, two, or three delay periods to a selected 
half-cycle of the ZCLK output. 

CO, C1. ZCLK Count (output, active High) and ZCLK 
Count 1 (output, active High). These signals indicate, in 
binary, the number or rising e dges o f ZCLK that have 
occurred after the assertion of the STRT input. 

INH. Inhibit Delay (input, active Lo w). Whe n a sserted , this 
signal inhibits the functions of inputs ADD1 and ADD2. 

OSC. Time Base Clock (output, active High). This signal 
provides a TTL-compatible clock output at the same 
frequency as the system clock frequency source. 



RSTI. Reset In (input, active Low). When asserted, this 
si gnal in dicates a reset condition and initiates the assertion 
of RSTO synchronized with ZCLK. 



RSTO. Reset Out (output, active Low). When asserted, this 
signal in dicate s that a system reset condition is required, 
either by RSTI going Low or by a system powerup condition. 



STRT. Start Count (input, negative edge-triggered). When 
asserted, this signal resets a two-bit binary counter and then 
enables the counter to count the rising edges of the ZCLK 
output. 



STRH. Delay ZCLK (input, active Low). When asserted, this 
signal causes the current half-cycle of the Z CLK output to be 
delayed (stretched) for as long as STRH is he ld Low. This 
control input overrides the ADD1, ADD2, and INH 
functions. 

TCLK. General-Purpose Clock (output, MOS-compatible, 
active High). This signal is the timing output of the 
general-purpose oscillator. TCLK's frequency is half that of 
the external oscillator used to drive the general purpose 
oscillator. 

XTAL1A, XTAL1B. System Clock Frequency Source A 
(input, active High) and System Clock Frequency Source B 
(output, active High). These signals are used by the external 
oscillator to drive the internal system clock oscillator and the 
OSC output. 

XTAL2A, XTAL2B. General-Purpose Clock Frequency 
Source A (input, active High) and General-Purpose Clock 
Frequency Source B (output, active High). These signals are 
used by the external oscillator to drive the internal 
general-purpose clock oscillator. 

ZCLK. System Clock (output, MOS-compatible, active 
High). This signal is the timing output of the system clock 
oscillator. This clock can be modified by the delay (stretch) 
control inputs. Its frequency, when unmodified, is half that of 
the external system clock frequency source. 



OSC 



ZCLK 




r~i_r~ 



CO 



C1 



AS, ADD1,STRT 



-ONE OSC CLOCK PERIOD ADDED 



ADD2 



D§ 



TWO OSC CLOCK PERIODS ADDED 



=4. 



Figure 3. Timing Diagram Stretching Z8000 AS and DS 
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OSCILLATORS 



System Clock Oscillator 

The timing outputs provided by this oscillator consist of a 
Time Base output (OSC), at the frequency of the reference 
source, and a stretchable System Clock output (ZCLK), at a 
frequency determined by the stretch control inputs. An 
on-chip TTL driver at OSC and an NMOS driver at ZCLK 
eliminate the need for external buffers or drivers. The NMOS 
drivers can drive 200 pf loads with output rise and fall times 
of 10 ns maximum. 

ZCLK can be stretched under program or hardwired control* 
by selectively adding periods equivalent to a full OSC cycle 
to either the High or Low portion of a clock cycle. One, two, 
or three periods can be added to double, triple, or 
quadruple the duration of the selected ZCLK half-cycle. 
Adding periods to ZCLK is a function of the ADD1 and 
ADD2 inputs. These active Low inputs are sampled prior to 
the rising edge of signal OSC; their sampled status 
represents the number of periods to be added to ZCLK. 



Two additional control input s, INH and STRH, affect the 
stretch func tion. Input INH, w hen a sserted , inhibits the 
function of ADD1 and ADD2. Input STRH stretches the 
ZCLK output for as long as it is asserted (Low); it overrides all 
other stretch control inputs. 

Table 1 summarizes the functions performed by the stretch 
control inputs. 

The system clock oscillator also contains a 2-bit ZCLK 
count er. This counter, when initialized by the assertion of 
STRT, counts the next four rising edges of the ZCLK output. 
The current count is presented on outputs CO and C1 . This 
counter and its outputs enable the user to determine the 
occurrence (risi ng ed ge) of each of four clocks after a 
specific event (STRT is asserted). This facility can, for 
example, be used to determine when a del ay is to be 
inserted into_a CPU machinecycle when STRT is triggered 
by either an M1 (Z80) or an AS (Z8000) input signal. 

The clock stretch capability allows systems to run at the 
nominal high speed of ZCLK, except during cycles that 

Table 1 . Stretch Control Functions 



STRH 



INH 



ADD2 ADD1 



Periods Added 






X 


X 


X 


Unlimited 


1 





X 


X 





1 


1 








3 


1 


1 





1 


2 


1 


1 


1 





1 


1 


1 


1 


1 






require more time than usual to complete a transaction. For 
example, extended access time may be required in 
accessing certain areas of memory, in accessing I/O 
devices, or in other CPU/Peripheral transactions. Figures 3 
and 4 illustrate, respectively, the circuit configuration and 
timing required to stretch the Z8000 Address Strobe (AS) 
and Data Strobe (DS) to allow more time for address 
functions and to enable the CPU to operate with memories 
that have a relatively long access time. 

In addition, the ZCLK stretch control logic can be hardwired 
to meet various duty cycle requirements. For example, a 
simple hardwired connection can cause every other ZCLK 
cycle to be stretched to produce a ZCLK output with a 33% 
duty cycle. 

The sy stem c lock oscillator also provides a system reset 
output (RSTO) that is synchronized wit h ZCL K. This output is 
controlled by a system reset input (RSTI) during normal 
system reset operations and by delay circuitry in the system 
clock oscillator during power-up ope ration s. Dur ing a 
normal system reset operation, a Low on RSTI causes RSTO 
to be a sserted (Low) on the next rising edge of ZCLK. Output 
RSTO is held Low for a period of 16 ZCLK clock cycles (the 
required reset time for both the Z80 and Z8000 CP U syste m 
reset functions). During a power-up operation, RSTO is 
asserted for a minimum of 30 ms after power is turned on 
(the time required for both the Z80 and Z8000 power-up 
functions). 

General-Purpose Oscillator 

This oscillator provides a fixed frequency General-Purpose 
Clock output (TCLK) at half its source frequency. This output 
is useful for system timing functions such as controlling a 
baud rate generator. Output TCLK can also be used as the 
frequency reference source for the system clock oscillator. 



+ 5V 
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INH ZCLK 

Z8581 
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NOTES: X = Don't Care, 1 = High, = Low 



Figure 4. Configuration for Stretching Z8000 
Address (AS) and Data (DS) Strobes 
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Figure 5. Z8581 Functional Block Diagram 



SYSTEM INTERFACE CONSIDERATIONS 



Due to the fast rise and fall times produced by the Z8581 , 
transmission line concepts must be applied in order to avoid 
ringing and reflections on the clock outputs. More 
specifically, the interconnections between the clock outputs 
and the loads they are driving must be treated as 
transmission lines, and it is necessary to match the source 
impedance of the clock outputs to the characteristic 
impedances of these transmission lines. In most cases the 
impedances can be matched by placing termination 
resistors in series with the clock outputs. These resistors 
range in value from 22 to 220 ohms, with the value chosen to 
optimize the clock risetime at the load. (See example below.) 
It is important to control the impedance seen by the clock 
output by keeping leads short and avoiding stray 
inductances wherever possible. 

Another important consideration is the bypass capacitor. To 
avoid distortion of the power supply, the Z8581 requires a 
high frequency 0.01 /*F ceramic capacitor between Vcc and 
ground, and the leads connecting this capacitor to the pins 
should be kept as short as possible. 



33 pf 



n 



i 



33 pf T 

-)h-*- 



XTAL1A 
ZCLK 
Z8581 
XTAL1B 



22 Q 

vw- 



CLK 
Z8000 



.01 fiF 



NOTE: The Z8581 requires a parallel-resonant fundamental type crystal. The 
capacitor may be varied to fine tune the frequency. 



Figure 6. Z8581/Z8000 Interface 
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ABSOLUTE MAXIMUM RATINGS 

Voltages on all inputs and outputs 

with respect toGND -0.3V to +7.0V 

Operating Ambient 

Temperature See ordering information 

Storage Temperature -65°Cto +150°C 

Stresses greater than those listed under Absolute Maximum 
Ratings may cause permanent damage to the device. This 
is a stress rating only: operation of the device at any 

STANDARD TEST CONDITIONS 

The DC characteristics below apply for the following 
standard test conditions, unless otherwise noted. All 
voltages are referenced to GND (0V). Positive current flows 
into the referenced pin. 

Available operating temperature ranges are: 

■ S = 0°Cto +70°C, + 4.75V <V C c< + 5.25V 

■ E = -40°Cto +85°C, +4.5V<V CC < +5.25V 

■ M = -55°Cto+125°C, +4.5V<V CC < + 5.5V 

All ac parameters assume a total load capacitance (C), 
including parasitic capacitances, of 100 pf max, except for 
parameters 8, 9, 21 , and 22 which are 200 pf max. Timing 



condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 

The Ordering Information section lists package temperature 
ranges and product numbers. Refer to the Literature List for 
additional documentation. Package drawings are in the 
Package Information section. 



references between two output signals assume a load 
difference of 50 pf max. 
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DC CHARACTERISTICS 


Symbol 


Parameter 


Min 




Max 


Unit 


Condition 


V C H 


Clock Input High Voltage 


V C C -0.4 


v C c 


+ 0.3 


V 


Driven by External Clock Generator 


V C L 


Clock Input Low Voltage 


-0.3 




0.45 


V 


Driven by External Clock Generator 


V| H 


Input High Voltage 


2.0 


v C c 


+ 0.3 


V 




V|L 


Input Low Voltage 


-0.3 




0.8 


V 




V H 


Output High Voltage 


2.4 






V 


Ioh = -250 M A 


V H 


Output High Voltage 


V C C ~ 0.3 






V 


I OH = - 250 fxA tested at 5 ps after 


(ZCLK, 












ZCLK or TCLK rises High 


TCLK) 




2.4 






V 


Ioh = -250 M A 


Vol 


Output Low Voltage 






0.4 


V 


Iol = = + 2.0 mA 


IlL 


Input Leakage 






±10 


ma 


0.4<V| N < +2 4V 


ice 


V CC Supply Current 






150 


mA 
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AC CHARACTERISTICS 









Z8581 


Z8581-10 












6 MHz 


10 MHz 






Number 


Symbol 


Parameter 


Min. 


Max. 


Min 


Max 


Units 


Notes 1 


1 


TwCH 


Clock Input High Width 


31 




18 




ns 


2 


2 


TwCL 


Clock Input Low Width 


31 




18 




ns 


2 


3 


TpC 


Clock Input Cycle Time 


82 




50 




ns 


2 


4 


TfC 


Clock Input Fall Time 




10 




7 


ns 


2 


5 — 


-TrC 


— Clock Input Rise Time 




— 10 — 




7_ 


— ns — 


2 


6 


TdOSC 


Clock InputtoOSC Delay 




30 




20 


ns 




7 


TdZC 


OSC to ZCLK Delay 




20 




15 


ns 




8 


TfZC 


ZCLK Fall Time 




10 




10 


ns 




9 

— -io- 


TrZC 


ZCLK Rise Time 




10 




10 


ns 




ISoU 


otretcn uontrois to uou t oetup 


35 




■20 




ns 




ii 


ThSC 


Stretch Controls to OSC t Hold 


20 




10 




ns 




12 


Td(ST/CR) 


STRT I to 2-bit Counter Reset Delay 




35 




25 


ns 




13 


Td(OSC/CC) 


OSC t to 2-bit Counter-Change 




20 




17 


ns 


3 


14 
15 — 


Tw(STRT) 
THfn°Tn\ 


STRT Low Width 

7PI k' i tn n o TO 1 nnlai/ 


50 


— 30 — 


30 


— 20 — 


ns 












ns 




16 


Ts(RSTI) 


RSTU to ZCLK t Setup 


30 




20 




ns 




17 


Th(RSTI) 


RSTU to ZCLK t Hold 


30 




20 




ns 




18 


Tw(RSTO) 


RSTO Low Width 


16 




16 




cycles 




19 
20 — 


Ts(ST/ZC) 


STRT i to ZCLK t Setup to include ZCLK edge 


40 




30 




ns 




i a i u 


■ oiock input to iuli\ ueiay 




4U " 




JU 


ns 




21 


TrTC 


TCLK Rise Time 




10 




10 


ns 




22 


TfTC 


TCLK Fall Time 




10 




10 


ns 





NOTES: 1 . All timings are preliminary and subject to change. 

2. Clock input other than a crystal oscillator. 

3. Assuming ZCLK rising. 
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TCLK 



® 



k<2>^ 



X 



® 



X 



N 

00 
Ol 
00 



xz 



® 



Timing measurements are made at the following voltages: 



High 



Low 



ZCLK, TCLK 

Output 

Input 



4.0V 


0.8V 


2.0V 


0.8V 


2.0V 


0.8V 
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ORDERING INFORMATION 



Clock Generator and Controller, 6.0 MHz 
18-pin DIP 

Z8581 PS 
Z8581 CS 
Z8581 PE 
Z8581 CE 
Z8581CM* 
Z8581 CMB*t 



Clock Generator and Controller, 10.0 MHz 
18-pin DIP 

Z8581-10PS 

Z8581-10CS 

Z8581-10PE 

Z8581-10CE 

Z8581-10CM* 

Z8581-10CMB*t 



Codes 

First letter is for package; second letter is for temperature. 



C = Ceramic DIP 

P = Plastic DIP 

L = Ceramic LCC 

V = Plastic PCC 



R = Protopack 

T = Low Profile Protopack 

DIP = Dual- In- Line Package 

LCC = Leadless Chip Carrier 

PCC = Plastic Chip Carrier (Leaded) 



TEMPERATURE 
S =0°Cto+70°C 
E = -40°Cto +85°C 
M*=-55°Cto+125°C 



FLOW 

B = 883 Class B 



Example: PS is a plastic DIP, 0°C to + 70°C. 

t Available soon 

* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications. 
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Z765AFDC 

Floppy Disk Controller 



Zltog 



#> 



Advance Information 

Product 

Specification 



April 1985 



FEATURES 

Address Mark detection circuitry internal to the FDC 
simplifies the phase locked loop and read electronics. The 
track stepping rate, head load time, and head unload time 
are user-programmable. 

Z765A features are: 

■ IBM-compatible format, Single and Double Density 

■ Multisector and multitrack transfer capability 

■ Data scan capability— scans a single sector or an entire 
cylinder comparing byte-for-byte host memory and disk 
data 



■ Drives up to 4 floppy-disk drives (FDD) 

■ Data transfers in DMA or non-DMA mode 

■ Parallel seek operations on up to four drives 

■ Compatible with most general-purpose microprocessors 

■ Single phase 8 MHz clock 

■ +5VOnly 

■ 40-Pin Dual-ln-Line (DIP) package 



N 
01 
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GENERAL DESCRIPTION 

The Z765A is an LSI Floppy Disk Controller (FDC) chip 
which contains the circuitry and control functions for 
interfacing a processor to four floppy-disk drives. It supports 
IBM System 3740 Single Density format (FM) and IBM 
System 34 Double Density format (MFM) including 
double-sided recording. The Z765A provides control 
signals which simplify the design of an external phase 
locked loop and write precompensation circuitry. The FDC 
simplifies and handles most of the burdens associated with 
implementing a floppy-disk interface. (Figure 1). 

Handshaking signals make DMA operation easily 
incorporated with the aid of an external DMA Controller 
chip, such as the Z80 DMA, The FDC operates in either the 
DMA or non-DMA mode. In the non-DMA mode the FDC 
generates interrupts to the processor every time a data byte 
is to be transferred. In the DMA mode, the processor need 
only load the command into the FDC and all data transfers 
occur under control of the FDC and DMA controllers. 

The Z765A executes 15 commands; each command 
requires multiple 8-bit bytes to fully specify the operation 
which the processor wishes the FDC to perform. The 
commands are: 



READ DATA 

WRITE DATA 

WRITE DELETED DATA 

READ DELETED DATA 

READ TRACK 

READ ID 

FORMAT TRACK 

SCAN EQUAL 

SCAN HIGH OR EQUAL 

SCAN LOW OR EQUAL 

SEEK 

RECALIBRATE 

SENSE INTERRUPT STATUS 

SPECIFY 

S£NSE DRIVE STATUS 



915 



A K DATA A K 

D -D 7 ( ) BUS ( ) 

>^ y BUFFER \^ J 



COURT 


\ 


DRQ •* 




DACK -►O 




INT-* 

RD — ►(> 


READ 
WRITE 
DMA 


WR — ►O 


CONTROL 
LOGIC 


D/S ► 




RESET ► 






? 



o 



# 



o 



o 



SERIAL 

INTERFACE 

CONTROLLER 



DRIVE 

INTERFACE 

CONTROLLER 



<^ 



o 



- WR CLOCK 




*• WRDATA 




»» WR ENABLE 
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~4 
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Figure 1 . Z765A FDC Block Diagram 
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2 


39 


3 


RW/SEEK 
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3 


38 


3 


LCT/DIR 


CS 


c 


4 


37 


3 


FR/STP 


D/S 


l: 


5 


36 


3 


HDL 


Do 


c 


6 


35 


3 


RDY 


Di 


c 




34 


3 


WP/TS 


D 2 


L 


8 


33 


3 


FLT/TRo 


D 3 


c 


9 


32 


3 


PS 


D 4 


c 


10 


Z765A 31 


3 


PSi 


D 5 


c 


11 


30 


3 


WDA 


D 6 


c 


12 


29 


3 


US 


D 7 


c 


13 


28 


3 


USi 


DRQ 


c 


14 


27 


3 


HD 


DACK 


c 


15 


26 


3 


MFM 


TC 


c 


16 


25 


3 


WE 


IDX 


c 


17 


24 


3 


VCO/SYNC 


INT 


c 


18 


23 


3 


RDD 


CLK 


c 


19 


22 


3 


RDW 


GND 


c 


20 


21 


3 


WCK 



Figure 3. Pin Assignments 



Figure 2. Pin Functions 
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PIN DESCRIPTIONS (Figures 2 and 3) 



CLK. Clock (input). Single phase 8MHz square wave clock. 

CS. Chip Select (input). IC selected when (Low), allowing 
ED and WE" to be enabled. 

D0-D7. Data Bus. Bidirectional 8-bit Data Bus. Disabled 
when CS = 1 . 

DACK. DMA Acknowledge (input). DMA cycle is active 
when 0, and controller is performing DMA transfer. 

DRQ. Data DMA Request (output). DMA Request is being 
made by FDC when DRQ = 1 . 

D/S. Data/Status Register Select (input). Selects Data 
Register (D/S = 1) or Status Register (D/S = 0) contents of 
the FDC to be sent to Data Bus. Disabled when CS = 1 . 

FR/STP. Fault Reset/Step (output). Resets fault FF in FDD in 
Read/Write mode, contains step pulses to move head to 
another cylinder in Seek mode. 

FLT/TRq. Fault/Track (input). Senses FDD fault condition 
in Read/Write mode and Track condition in Seek mode. 

HD. Head Select (output). Head 1 selected when 1 (High); 
Head selected when (Low). 

HDL. Head Load (output). Command which causes 
read/write head in FDD to contact diskette. 

IDX. Index (input). Indicates the beginning of a disk track. 

INT. Interrupt (output). Interrupt Request generated by 
FDC. 

LCT/DIR. Low Current/Direction (output). Lowers Write 
current on inner tracks in Read/Write mode; determines 
direction head will step in Seek mode. A fault reset pulse is 
issued at the beginning of each Read or Write command 
prior to the occurrence of the Head Load signal. 

MFM. MFM Mode (output). MFM mode when 1 ; FM mode 
when 0. 

PS-i, PSo- Precompensation (preshift) (output). Write 
precompensation status during MFM mode. Determines 
early, late, and normal times. 



RD. Read (input). When 0, control signal for transfer of data 
from FDC to Data Bus. Disabled when CS = 1 . 

RDD. Read Data (input). Read data from FDD, containing 
clock and data bits. 

RDW. Read Data Window (input). Generated by PLL, and 
used to sample data from FDD. 

RDY. Ready (input). Indicates FDD is ready to send or 
receive data. 

RESET. Reset (input). Places FDC in idle state. Resets 
output lines to FDD to 0. Does not affect SRT, HUT or HLT in 
Specify command. If RDY pin is held High during Reset, 
FDC generates an interrupt within 1 .024 msec. To clear this 
interrupt use Sense Interrupt Status command. 

RW/SEEK. Read Write/Seek (output). When 1 (High) Seek 
mode selected; when (Low) Read/Write mode selected. 

TC. Terminal Count (input). Indicates the termination of a 
DMA transfer when 1 (High). It terminates data transfer 
during Read/Write/Scan command in DMA or Interrupt 
mode. 

US 1s US . Unit Select (output). FDD Unit selected. 

VCO/SYNC. (output). Inhibits VCO in PLL when (Low); 
enables VCO when 1 . 

WCK. Write Clock (input). Write data rate to FDD. FM = 500 
KHz, MFM = 1 MHz with a pulse width of 250 ns for both 
FM and MFM. 

WDA. Write Data (output). Serial clock and data bits to FDD. 

WE. Write Enable (output). Enables write data into FDD. 

WP/TS. Write Protect/Two Side (input). Senses Write Protect 
status in Read/Write mode and Two-Side Media in Seek 
mode. 

WR. Write (input). When 0, control sig_nal for transfer of data 
to FDC via Data Bus. Disabled when CS = 1 . 
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The bits i 


Table 1 . Internal Registers 

n the Main Status Register are defined as follows: 


Bit 


No. 


Name 


Symbol 


Description 


Do 


FDD Busy 


D B 


FDD number is in the Seek mode If any bit is set, FDC will not accept read 
or write command 


Di 


FDD 1 Busy 


D^ 


FDD number 1 is in the Seek mode. If any bit is set, FDC will not accept read 
or write command. 


D 2 


FDD 2 Busy 


D 2 B 


FDD number 2 is in the Seek mode. If any bit is set, FDC will not accept read 
or write command. 


D 3 


FDD 3 Busy 


D 3 B 


FDD number 3 is in the Seek mode. If any bit is set, FDC will not accept read 
or write command. 


D 4 


FDC Busy 


CB 


A read or write command is in process. FDC will not accept any other 
command. 


D 5 


Execution Mode 


EXM 


This bit is set only during execution phase in non-DMA mode. When D5 
goes low, execution phase has ended and result phase has started. It 
operates only during non-DMA mode of operation. 


D 6 


Data Input/Output 


DIO 


Indicates direction of data transfer between FDC and Data Register. If DIO = 
1 , then transfer is from Data Register to the processor. If DIO = 0, transfer is 
from the processor to Data Register. 



D7 Request for Master RQM Indicates Data Register is ready to send or receive data to or from the 

processor. Both bits DIO and RQM should be used to perform the 
handshaking functions of "ready" and "direction" to the processor. 

INTERNAL REGISTERS 



The Z765A contains two registers which may be accessed 
by the main system processor: a Status register and a Data 
register. The 8-bit Main Status register (Table 1) contains the 
FDC status information and may be accessed at any time. 
The 8-bit Data register is several registers in a stack; one 
register at a time is presented to the data bus. The Data 
register stores data, commands, parameters, and FDD 
status information. Data bytes are read out of, or written into, 
the Data register in order to program or obtain the results 
after a particular command. Only the Status register may be 
read and used to facilitate the transfer of data between the 
processor and Z765A. 

The relationship between the Status/Data registers and the 
signals RD, WR, and D/S is shown in Table 2. 

The Data Input/Output (DIO) and Request for Master (RQM) 
bits in the Status register indicate when data is ready and the 
direction transfer on the data bus (Figure 4). The maximum 
time between the last RD or WR during a command or result 



phase and the set or reset DIO and RQM is 1 2jlis; every time 
the Main Status register is read the CPU should wait J2jus. 
The maximum time from the trailing edge of the last RD in 
the result phase to when D 4 (FDC busy) goes Low is 1 2jlis. 

Table 2. Relationships Between Status/Data Registers 
and RD, WR, and D/S 



D/S 


RD 


WR 


Function 








1 


Read Main Status Register 





1 





Illegal 











Illegal 


1 








Illegal 


1 





1 


Read from Data Register 


1 


1 





Write into Data Register 
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STATUS REGISTER IDENTIFICATION 



No. 



Bit 



Name 



Symbol 



Description 



Status Register 



D 7 



D 6 



Interrupt Code 



D 7 = and D 6 = 

Normal Termination of command, (NT). Command was completed and 

properly executed. 

D 7 = and D 6 = 1 

Abnormal Termination of command, (AT). Execution of command was started 
IC but was not successfully completed. 

D 7 = 1 and D 6 = 

Invalid Command issue, (IC). Command which was issued was never started. 

D 7 = 1 and D 6 = 1 

Abnormal Termination because during command execution the ready signal 

from FDD changed state. 



N 

1*1 



D 5 



Seek End 



SE 



When the FDC completes the SEEK command, this flag is set to 1 (High). 



D 4 



Equipment Check 



EC If a fault signal is received from the FDD, or if the Track signal fails to occur 

after 77 step pulses (Recalibrate Command) then this flag is set. 



D 3 



D 2 



Not Ready 



No Data 



NR When the FDD is in the not-ready state and a read or write command is issued, 

this flag is set. If a read or write command is issued to Side 1 of a single-sided 
drive, then this flag is set. 



D 2 


Head Address 


HD 


This flag is used to indicate the state of the head at Interrupt. 


Di 


Unit Select 1 


USi 


This flag is used to indicate a Drive Unit Number at Interrupt. 


Do 


Unit Select 


us 


This flag is used to indicate a Drive Unit Number at Interrupt. 


Status Register 1 


D 7 


End of Cylinder 


EN 


When the FDC tries to access a sector beyond the final sector of a cylinder, 
this flag is set. 


D 6 






Not used. This bit is always (Low). 


D 5 


Data Error 


DE 


When the FDC detects a Cyclic Redundancy Check (CRC) error in either the 
ID field or the data field, this flag is set. 


D 4 


Overrun 


OR 


If the FDC is not serviced by the host system during data transfers within a 
certain time interval, this flag is set. 


D 3 






Not used. This bit always (Low). 



During execution of READ DATA, WRITE DELETED DATA or SCAN command, 
if the FDC cannot find the sector specified in the Internal Data Register (IDR), 
this flag is set. 

ND During execution of the READ ID command, if the FDC cannot read the ID 

field without an error, then this flag is set. 

During execution of the READ A cylinder command, if the starting sector 
cannot be found, then this flag is set. 
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STATUS REGISTER IDENTIFICATION (Continued) 



Bit 



No. Name 



Symbol 



Description 



Status Register 1 (Continued) 



D-i Not Writeable 



NW During execution of WRITE DATA, WRITE DELETED DATA or Format A 

cylinder command, if the FDC detects a write protect signal from the FDD, 
then this flag is set. 



Do 



Missing Address Mark 



If the FDC cannot detect the ID Address Mark after encountering the index 
hole twice, then this flag is set. 

MA If the FDC cannot detect the Data Address Mark or Deleted Data Address 

Mark, this flag is set. Also at the same time, the MD (Missing Address Mark in 
data field) of Status register 2 is set. 



Status Register 2 



D 7 



Not used. This bit is always (Low). 



Dq Control Mark 



D-| Bad Cylinder 



Do 



Unit Select 



CM During execution of the READ DATA or SCAN command, if the FDC 

encounters a sector which contains a Deleted Data Address Mark, this flag is 
set. 



D 5 


Data Error in Data Field 


DD 


If the FDC detects a CRC error in the data field then this flag is set. 


D 4 


Wrong Cylinder 


WC 


This bit is related to the ND bit, and when the contents of Cylinder (C) on the 
medium is different from that stored in IDR, this flag is set. 


D 3 


Scan Equal Hit 


SH 


During execution of the SCAN command, if the condition of "equal" is 
satisfied, this flag is set. 


D 2 


Scan Not Satisfied 


SN 


During execution of the SCAN command, if the FDC cannot find a sector on 
the cylinder which meets the condition, then this flag is set. 



BC This bit is related to the ND bit, and when the contents of C on the medium is 

different from that stored in the IDR and the contents of C is FFh, then this flag 
is set. 



Do 


Missing Address Mark in 
Data Field 


MD 


When data is read from the medium, if the FDC cannot find a Data Address 
Mark or Deleted Data Address Mark, then this flag is set. 


Status Register 3 


D 7 


Fault 


FT 


This bit is used to indicate the status of the Fault signal from the FDD. 


D 6 


Write Protected 


WP 


This bit is used to indicate the status of the Write Protected signal from the 
FDD. 


D 5 


Ready 


RY 

i 


This bit is used to indicate the status of the Ready signal from the FDD. 


D 4 


Track 


TO 


This bit is used to indicate the status of the Track signal from the FDD. 


D 3 


Two Side 


TS 


This bit is used to indicate the status of the Two Side signal from the FDD. 


D 2 


Head Address 


HD 


This bit is used to indicate the status of the Side Select signal to the FDD. 


Di 


Unit Select 1 


US 1 


This bit is used to indicate the status of the Unt Select 1 signal to the FDD. 



us 



This bit is used to indicate the status of the Unit Select signal to the FDD. 
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OUT FDC AND INTO PROCESSOR 



DATA IN/OUT 

(DIO) 0UT PROCESSOR AND INTO FDC 



I I I 



REQUEST FOR MASTER 
(ROM) 



rwu 



NOT 
READY 



I I 
I I 



I I 



TLT 



I I 
I I 



i_n_n 



I I I 
I I I 




NOTES: [A] — Data register ready to be written into by processor 

[1] — Data register not ready to be written into by processor 

\c\ — Data register ready for next data byte to be read by processor 

[D] — Data register not ready to be read by processor 

Figure 4. Data Transfer 



N 

Ui 





COMMAND SEQUENCE 

The Z765A is capable of performing 15 different 
commands. Each command is initiated by a multibyte 
transfer from the processor; the result after execution of the 
command may also be a multibyte transfer back to the 
processor. Because of this multibyte interchange of 
information between the Z765A and the processor, each 
command consists of three phases: 

Command Phase. The FDC receives all information 
required to perform a particular operation form the 
processor. 

Execution Phase. The FDC performs the operation it was 
instructed to do. 



Result Phase. After completion of the operation, status and 
other housekeeping information are made available to the 
processor. 

The Instruction set shows the required preset parameters 
and results for each command. Most commands require 9 
command bytes and return 7 bytes during the result phase. 
The W to the left of each byte indicates a command phase 
byte to be written; an R indicates a result byte. 



PROCESSOR INTERFACE 



During Command or Result phases the Main Status register 
must be read by the processor before each byte of 
information is written into, or read from, the Data register. 
Then the CPU should wait for 1 2/lis before reading the Main 
Status register. Bits D6 and D7 in the Main Status register 
must be in a and 1 state, respectively, before each byte of 
the command word may be written into the Z765A. Many of 
the commands require multiple bytes and, as a result, the 
Main Status register must be read prior to each byte transfer 
to the Z765A. During the Result phase, D6 and D7 in the 
Main Status register must both be 1's before reading each 
byte from the Data Register. Reading the Main Status 
register before each byte transfer to the Z765A is required 
only in the Command and Result phases, not during the 
Execution phase. 



If theZ765A is in the non-DMA mode and reading data from 
FDD, then the receipt of each data byte is indicated by an 
interrupt signal on pin 18(INT= 1). The generation of a Read 
signal (RD = 0) or Write signal (WR = 0) will clear the 
interrupt and output the data onto the data bus. If the 
processor cannot handle interrupts fast enough (every 1 3/iS 
for the MFM mode and 27jus for the FM mode), then it may 
poll the Main Status register and bit D7 (RQM) functions as 
the interrupt signal. If a Write command is in process, the 
WR signal negates the reset to the interrupt signal. 

In the non-DMA mode it is necessary to examine the Main 
Status register to determine the cause of the interrupt, since 
it could be a data interrupt or a command termination 
interrupt, either normal or abnormal. If the Z765A is in the 
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COMMAND SYMBOL DESCRIPTION 


Symbol 


Name 


Description 


D/S 


Data/Status Select 


D/S controls selection of Main Status register (D/S = 0) or Data register (D/S = 1) 


C 


Cylinder Number 


C stands for the current/selected cylinder (track) numbers through 76 of the medium. 


D 


Data 


D stands for the data pattern which is going to be written into a sector. 


D 7 -D 


Data Bus 


8-bit Data Bus, where D7 stands for a most significant bit, and Do stands for a least 
significant bit. 


DTL 


Data Length 


When N is defined as 00, DTL stands for the data length which users are going to read 
out or write into the sector. 


EOT 


End of Track 


EOT stands for the final sector number on a cylinder. During Read or Write operations, 
FDC will stop data transfer after a sector number equal to EOT. 


GPL 


Gap Length 


GPL stands for the length of Gap 3. During Read/Write commands this value 
determines the number of bytes that VCO/SYNC will stay low after two CRC bytes. 
During Format command it determines the size of Gap 3. 


H 


Head Address 


H stands for head number or 1 , as specified in ID field. 


HD 


Head 


HD stands for a selected head number or 1 and controls the polarity of pin 27. (H = 
HD in all command words.) 


HLT 


Head Load Time 


HLT stands for the head load time in the FDD (2 to 254 ms in 2 ms increments). 


HUT 


Head Unload Time 


HUT stands for the head unload time after a Read or Write operation has occurred (1 6 
to 240 ms in 1 6 ms increments). 


MF 


FMorMFMMode 


If MF is Low, FM mode is selected, and if it is High. MFM mode is selected. 


MT 


Multitrack 


If MT is high, a Multitrack operation is performed. If MT = 1 after finishing Read/Write 
operation on side 0, FDC automatically starts searching for sector 1 on side 1 . 


N 


Number 


N stands for the Number of data bytes written in a sector. 


NCN 


New Cylinder Number 


NCN stands for a New Cylinder Number or desired position of head which is going to 
be reached as a result of the Seek operation. 


ND 


Non-DMA Mode 


ND stands for operation in the Non-DMA mode. 


PCN 


Present Cylinder Number 


PCN stands for the cylinder number or present position of Head at the completion of 
Sense Interrupt Status command. 


R 


Record 


R stands for the sector number which will be read or written. 


R/W 


Read/Write 


R/W stands for either Read (R) or Write (W) signal. 


SC 


Sector 


SC indicates the number of Sectors per Cylinder. 


SK 


Skip 


SK stands for Skip Deleted Data Address mark. 


SRT 


Step Rate Time 


SRT stands for the Stepping Rate for the FDD (1 to 1 6 ms in 1 ms increments). Stepping 
Rate appliesto all drives (F(-| 6) = 1 ms, E(-|6) = 2 ms, D(-|6) = 3 ms, . . .). 



ST0 


Status 


ST1 


Status 1 


ST2 


Status 2 


ST3 


Status 3 



ST0-3 stands for one of four registers which store the status information after a 
command has been executed. This information is available during the result phase after 
command execution. These registers should not be confused with the main status 
register (selected by D/S = 0). STO-3 may be read only after a command has been 
executed and contains information relevant to that particular command. 



STP 



Step 



During a Scan operation, if STP = 1 , the data in contiguous sectors is compared byte 
by byte with data sent from the processor (or DMA); if STP = 2, then alternate sectors 
are read and compared. 



USo.US-i Unit Select 



Used to select between drives 0-3. 
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INSTRUCTION SETL 2 



Phase 



Data Bus 



R/W D 7 



De D 5 



D 4 



D 3 D 2 



Di 



Do 



Remarks 



Read Data 



Command 



W 
W 
W 
W 
W 
W 
W 
W 
W 



MT 
X 



MF 
X 



SK 
X 



1 
HD 



1 
USi 





us 



-c- 

-H- 
-R — 
-N — 
-EOT- 
-GPL- 
-DTL- 



Command Codes 

See Note 3 

Sector ID information prior to 

command execution. The 4 bytes 

are commanded against header 

on Floppy disk. 



N 

O 
Ul 
»H 

Status information after command ^ 

execution m 

n 

Sector ID information after 
command execution 



Execution 



Data transfer between the FDD 
and main system 



Result 



-STO- 
-ST1- 
-ST2- 

-c- 

-H- 
-R- 
-N- 



Read Deleted Data 



Command 



W 
W 
W 
W 
W 
W 
W 
W 
W 



MT 
X 



MF 
X 



SK 
X 



1 
HD 




USi 




USo 



-c- 

-H- 
-R — 
-N- 
-EOT- 
-GPL- 
-DTL- 



Command Codes 

Sector ID information prior to 
command execution. The 4 bytes 
are commanded against header 
on Floppy Disk. 



Execution 



Data transfer between the FDD 
and main system 



Result 



-STO- 
-ST1- 
-ST2- 

-c- 

-H- 
-R- 
-N- 



Status information after command 
execution 

Sector ID information after 
command execution 



NOTES. 1 . Symbols used in this table are described at the end of this section. 

2. D/S should equal binary 1 for all operations. 

3. X = Don't care, usually made to equal binary 
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INSTRUCTION SETL 2 (Continued) 


Data Bus 


Phase R/W D 7 D 6 D 5 


D 4 D 3 D 2 


Di 


Do 


Remarks 


Write Data 



Command 



W 
W 
W 
W 
W 
W 
W 
W 
W 



MT 
X 



MF 
X 



1 
HD 







1 
US 



-c- 

-H- 
— R — 
-N — 
-EOT- 
-GPL- 
-DTL- 



Command Codes 

Sector IC information prior to 
command execution. The 4 bytes 
are commanded against header 
on Floppy Disk. 



Execution 



Data transfer between the main 
system and FDD 



Result 



-STO- 
-ST1- 
-ST2- 

-c- 

-H- 
-R- 
-N- 



Status information after command 
execution 

Sector ID information after 
command execution. 



Write Deleted Data 



Command 



W 
W 
W 
W 
W 
W 
W 
W 
W 



MT 
X 



MF 
X 




HD 





USi 



1 
USo 



-c- 

-H- 
-R- 
-N- 
-EOT- 
-GPL- 
-DTL- 



Command Codes 

Sector ID information prior to 
command execution. The 4 bytes 
are commanded against header 
on Floppy disk. 



Execution 



Data transfer between the FDD 
and main system 



Result 



-STO- 
-ST1- 
-ST2- 

-c- 

-H- 
-R- 
~N- 



Status information after command 
execution 

Sector ID information after 
command execution 



NOTES: 1 . Symbols used in this table are described at the end of this section. 

2. D/S should equal binary 1 for all operations. 

3. X = Don't care, usually made to equal binary 0. 
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INSTRUCTION SET 1 ' 2 (Continued) 


Data Bus 


Phase R/W D 7 D 6 D 5 


D 4 D3 D 2 


D1 


Do 


Remarks 


Read A Track 



Command 



W 
W 
W 
W 
W 
W 
W 
W 
W 



MF SK 

X X 




HD 



1 
US! 




US 



-c- 

-H- 
-R — 
-N- 
-EOT- 
-GPL- 
-DTL- 



Command Codes 

Sector ID information prior to 
command execution 



N 

Si 
01 



Execution 



Data transfer between the FDD 
and main system. FDC reads all 
data fields from index hole to EOT. 



Result 



Result 



-STO- 
-ST1- 
-ST2- 

-c- 

-H- 
-R- 
-N- 



Status information after command 
execution 

Sector ID information after 
command execution 



Read ID 


Command 


W 
W 



X 


MF 
X 



X 



X 


1 

X 



HD 


1 
US! 




us 


Command Codes 


Execution 




















The first correct ID information on 
the cylinder is stored in Data 
Register. 



-STO- 
-ST1 - 
-ST2- 

-c- 

-H- 
-R- 
-N- 



Status information after command 
execution 

Sector ID information read during 
Execution phase from Floppy 
Disk. 



NOTES: 1 . Symbols used in this table are described at the end of this section. 

2. D/§ should equal binary 1 for all operations. 

3. X = Don't care, usually made to equal binary 0. 
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INSTRUCTION SET1» 2 (Continued) 


Data Bus 


Phase R/W D 7 D 6 D 5 


D 4 D 3 D2 


D1 


Do 


Remarks 


Format A Track 



Command 



W 
W 
W 
W 
W 
W 



MF 
X 



1 

X X 

N 

SC — 



1 
HD 




US1 



1 
US 



-GPL- 
— D — 



Command Codes 

Bytes Sector 
Sectors/Track 
Gap 3 
Filler byte 



Execution 



FDC formats an entire track. 



Result 



-STO- 
-ST1- 
-ST2- 

-c- 

-H- 
-R- 
-N- 



Status information after command 
execution 

In this case, the ID information 
has no meaning. 



Scan Equal 



Command 



W 
W 
W 
W 
W 
W 
W 
W 
W 



MT 
X 



MF 
X 



SK 
X 




HD 




US1 



-c — 

-H — 
-R — 
-N — 
-EOT- 
-GPL- 
-DTL- 



1 Command Codes 
US 

Sector I D i nformation prior to 

command execution 



Execution 



Data compared between the FDD 
and the main system. 



Result 



-STO- 
-ST1- 
-ST2- 

-c- 

-H- 
-R- 
-N- 



Status information after command 
execution 



Sector ID information after 
command execution 



NOTES - 1 Symbols used in this table are described at the end of this section. 

2 D/S should equal binary 1 for all operations 

3 X = Don't care, usually made to equal binary 



926 



INSTRUCTION SET^ 2 (Continued) 


Data Bus 


Phase R/W D 7 D 6 D 5 


D4 D 3 D2 


D1 


Do 


Remarks 


Scan Low or Equal 



Command 



W 
W 
W 
W 
W 
W 
w 
w 
w 



MT 
X 



MF SK 

X X 




HD 




US1 



1 

us 



-c — 

-H — 
— R — 
-N — 
-EOT- 
-GPL- 
-STP- 



Command Codes 

Sector ID information prior to 
command execution 



N 

0> 
tfi 


o 



Execution 



Data compared between the FDD 
and main system 



Result 



-STO- 
-ST1- 
-ST2- 

-c- 

-H- 
-R- 
-N- 



Status information after command 
execution 

Sector ID information after 
command execution 



Scan High or Equal 



Command 



W 
W 
W 
W 
W 
W 
W 
W 
W 



MT 
X 



MF 
X 



SK 
X 



1 
HD 




USi 



1 
USrj 



-c — 

-H — 
— R — 
-N- 
-EOT- 
-GPL- 
-STP- 



Command Codes 

Sector ID information prior to 
command execution. 



Execution 



Data compared between the FDD 
and main system. 



Result 



-STO- 
-ST1- 
-ST2- 

-c- 

-H- 
-R- 
-N- 



Status information after command 
execution 

Sector ID information after 
command execution. 



Recalibrate 


Command 


W 
W 



X 



X 



X 



X 


1 
X 


1 

US-i 


1 
us 


Command Codes 


Execution 


















Head retracted to Track 



NOTES' 1 . Symbols used in this table are described at the end of this section. 

2. D/S should equal binary 1 for all operations. 

3. X = Don't care, usually made to equal binary 0. 
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INSTRUCTION SETL 2 


(Continued) 












R/W 






Data Bus 








Phase 


D 7 


De D 5 


D 4 D 3 D 2 


Di 


Do 


Remarks 


Sense Interrupt Status 


Command 


W 








1 








Command Codes 


Result 


R 
R 






OT-<-> 






- Status information about the FDC 

- at the end of seek operation 






STO 












PCN 






Specify 



Command 



Command 



W 
W 
W 




-SRT- 



HLT- 



1 1 Command Codes 

HUT — 

ND 



Sense Drive Status 


Command 


w 
w 



X 



X 



X 


1 
X X 




US 1 




us 


Command Codes 


Result 


R 








f»-T- 






Status information about FDD 








ST3 






Seek 



w 
w 
w 



1 1 

X X HD 

— NCN 



1 1 Command Codes 

USi US 



Execution 



Head is positioned over proper 
cylinder on diskette. 



Invalid 



Command 



W 



- Invalid Codes - 



Invalid Command Codes 
(NoOp— FDC goes into Standby 
state.) 



Result 



R 



-STO- 



STO = 80(H) 



NOTES: 1 . Symbols used in this table are described at the end of this section 

2. D/S should equal binary 1 for all operations. 

3. X = Don't care, usually made to equal binary 0. 
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DMA mode, no interrupts are generated during the 
Execution phase. The Z765A generates DRQs (DMA 
Requests) when each byte of data is availabl e. The DMA 
Controller responds to this request with both a DACK (DMA 
Acknowledge) = and an RD (Read signal) = 0. When the 
DMA Acknowledge signal goes Low (DACK = 0), then the 
DMA request is cleared (DRQ = 0). If a Write command has 
been issued, a WR signal appears instead of RD. After the 
Execution phase has been completed [Terminal Count (TC) 
has occurred] or the last sector on the cylinder (EOT) 
read/written, then an interrupt occurs (INT = 1) which 
signifies the beginning of the Result phase. When the first 
byte of data is read during the Result phase, the interrupt is 
automatically cleared (INT = 0). 



The RD or WR signals should be asserted while DACK is 
true. The CS signal is used in conjunction with RD and WR 
as a gating function during programmed I/O operations. CS 
has no effect d uring D MA operations. If the non-DMA mode 
is chosen, the DACK signal should be pulled up to Vqc- 

During the Result phase all bytes shown in the Command 
Table must be read. For example, the Read Data command 



has seven bytes of data in the Result phase; all seven bytes 
must be read to successfully complete the Read Data 
command and allow the Z765A to accept a new command. 

The Z765A contains five Status registers. The Main Status 
register can be read at any time by the processor. The other 
four Status registers (STO, ST1 , ST2, and ST3) are available 
only during the Result phase and can be read only after 
completing a command. The particular command that has 
been executed determines how many of the Status registers 
are read. 

The bytes of data which are sent to the Z765A to form the 
Command phase and are read out of the Z765A in the 
Result phase must occur in the order shown in the 
Command Table. That is, the Command Code must be sent 
first and the other bytes sent in the prescribed sequence. No 
foreshortening of the Command or Result phases is allowed. 
After the last byte of data in the Command phase is sent to 
the Z765A, the Execution phase automatically starts. In a 
similar fashion, when the last byte of data is read out in the 
Result phase, the command is automatically ended and the 
Z765A is ready for a new command. 



M 
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POLLING FEATURE OF THE Z765A 



After Reset is sent to the Z765A, the Unit Select lines USo 
and USi automatically go into a polling mode (Figure 5). 
Between commands (and between step pulses in the Seek 
command) the Z765A polls all four FDDs looking for a 
change in the Ready line from any of the drives. If the Ready 
line changes state (usually due to a door opening or 
closing), then the Z765A generates an interrupt. When 
Status register (STO) is read (after Sense Interrupt Status is 



issued), Not Ready (NR) is indicated. The polling of the 
Ready line by the Z765A occurs continuously between 
commands, thus notifying the processor which drives are 
on or off line. Each drive is polled every 1 .024 ms except 
during the Read/Write commands. When used with a 4 MHz 
clock for interfacing to minifloppies, the polling rate is 2.048 



USo 



USi 



^ 



-APPROX 1.0 ms- 



AW 



J 






Figure 5. Polling Features 
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COMMANDS 



Read Data 

A set of nine (9) byte words are required to place the FDC 
into the Read Data Mode. After the Read Data command is 
issued, the FDC loads the head (if it is in the unloaded state), 
waits the specified head settling time (defined in the Specify 
command), and begins reading ID Address Marks and ID 
fields. When the current sector number (R) stored in the ID 
Register (IDR) compares with the sector number read off the 
diskette, then the FDC, via the data bus, outputs data 
byte-to-byte from the data field to the main system. 

After completion of the read operation from the current 
sector, the Sector Number is incremented by one, and the 



data from the next sector is read and output on the data bus. 
This continuous read function is called a Multi-Sector Read 
Operation. The Read Data command can be terminated by 
the receipt of a TC signal which should be issued when the 
DACK for the last byte of data is sent. Upon receipt of this 
signal, the FDC stops outputting data to the processor, but 
continues to read data from the current sector, checks 
Cyclic Redundancy Count (CRC), and at the end of the 
sector, terminates the Read Data command. The amount of 
data which can be handled with a single command to the 
FDC depends upon multitrack (MT), MFM/FM (MF), and 
Number of Bytes/Sector (N). Table 3 shows the Transfer 
Capacity. 









Table 3. 


Transfer Capacity 






Multi-Track 
MT 


MFM/FM 
MF 


Bytes/Sector 
N 


Maximum Transfer Capacity 

(Bytes/Sector) 

(Number of Sectors) 


Final Sector 
Read from 
Diskettes 








1 


00 
01 




(128) (26) = 
(256) (26) = 


3,328 
6,656 


26 at Side 
or 26 at Side 1 


1 
1 




1 


00 
01 




(128) (52) = 
(256) (52) = 


6,656 
13,312 


26 at Side 1 








1 


01 
02 




(256) (15) = 
(512) (15) = 


3,840 
7,680 


15 at Side 
or 15 at Side 1 


1 

1 




1 


01 
02 




(256) (30) = 
(512) (30) = 


7,680 
15,360 


15 at Side 1 








1 


02 
03 




(512) (8) = 
(1024) (8) = 


4,096 
8,192 


8 at Side 
or 8 at Side 1 


1 

1 




1 


02 
03 




(512) (16) = 
(1024) (16) = 


8,192 
16,384 


8 at Side 1 



MT allows the FDC to read data from both sides of the 
diskette. For a particular cylinder, data is transferred starting 
at Sector 1 , Side and completing at the last sector, Sector 
L, Side 1 . This function pertains to only one cylinder (the 
same track) on each side of the diskette. 

When N = 0, then DTL defines the data length which the 
FDC must treat as a sector. If DTL is smaller than the actual 
data length in a Sector, the data beyond DTL in the Sector is 
not sent to the Data Bus. The FDC internally reads the 
complete sector performing the CRC check and, 
depending upon the manner of command termination, may 
perform a Multi-Sector Read Operation. When N is 
non-zero, then DTL has no meaning and should be set to 
FF H . 

At the completion of the Read Data Command the head is 
unloaded, after the Head Unload Time Interval specified in 
the Specify Command has elapsed. If the processor issues 
another command before the head unloads, there is no 
head settling time between subsequent reads. This time 
saved is particularly valuable when a diskette is copied. 



If the FDC twice detects the index hole without finding the 
right sector (R), then the FDC sets Status register 1 's No Data 
(ND) flag to 1 , and terminates the Read Data command. 
(Status register also has bits 7 and 6 set to and 1 
respectively.) 

After reading the ID and Data fields in each sector, the FDC 
checks the CRC bytes. If a read error is detected indicating 
incorrect CRC in the ID field, the FDC sets Status register 1's 
Data Error (DE) flag to 1 , and if a CRC error occurs in the 
Data Field, the FDC also sets Status register 2's Data Error in 
Data Field (DD) flag to 1 , and terminates the Read Data 
command. (Status register 0, bit 7 = 0, bit 6 = 1 .) 

If the FDC reads a Deleted Data Address Mark off the 
diskette, and the SK bit D in the first Command Word = 0, 
then the FDC sets Status register 2's Control Mark (CM) flag 
to 1 , and after reading all the data in the sector, terminates 
the Read Data command. If SK = 1 , the FDC skips the 
sector with the Deleted Data Address Mark and reads the 
next sector. When SK = 1 , the CRC bits in the deleted data 
field are not checked. 
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During disk data transfers between the FDC and the 
processor, via the data bus, the FDC must be serviced by 
the processor every 27 >s in the FM Mode, and every 1 3jiS in 
the MFM Mode, or the FDC sets Status register 1's Overrun 
(OR) flag to 1 , and terminates the Read Data command. 



If the processor terminates a read or write operation in the 
FDC, then the ID information in the Result Phase is 
dependent upon the state of the MT bit and EOT byte. Table 
4 shows the values for C, H, R, and N when the processor 
terminates the command. 



Table 4. C, H, R, and N Values When Processor Terminates Commands 



MT 



HD 



Final Sector Transferred 
to Processor 



ID Information at Result Phase 






Less than EOT 


NC 


NC 


R+1 


NC 





Equal to EOT 


C + 1 


NC 


R = 01 


NC 


1 


Less than EOT 


NC 


NC 


R + 1 


NC 


1 


Equal to EOT 


C + 1 


NC 


R = 01 


NC 





Less than EOT 


NC 


NC 


R + 1 


NC 





Equal to EOT 


NC 


LSB 


R = 01 


NC 


1 


Less than EOT 


NC 


NC 


R + 1 


NC 



N 
*i 

01 





Equal to EOT 



C + 1 



LSB 



R = 01 



NC 



NOTES: NC (No Change): The same value as the one at the beginning of command execution. 
LSB (Least Significant Bit): The least significant bit of H is complemented. 



Write Data 

A set of nine (9) bytes is required to set the FDC in the Write 
Data mode. After the Write Data command is issued, the 
FDC loads the head, waits the specified head setting time, 
and begins reading ID fields. When all four bytes (C, H, R, 
and N) loaded during the command match the four bytes of 
the ID field from the diskette, the FDC takes data from the 
processor byte-by-byte via the data bus and outputs it to the 
FDD. 

After writing data into the current sector, the sector number 
stored in the R register is incremented by one, and new data 
is written into the next data field. The FDC continues this 
Multisector Write Operation until a Terminal Count signal is 
issued. If a Terminal Count signal is sent to the FDC, it 
continues writing into the current sector to complete the data 
field. If the Terminal Count signal is received while a data 
field is being written, the remainder of the data field is filled 
with zeros. 

The FDC reads the ID field of each sector and checks the 
CRC bytes. If the FDC detects a read error (CRC error) in 
one of the ID fields, it sets Status register 1's DE flag to 1 , and 
terminates the Write Data command. (Status register 0, bit 
7 = 0, bit 6 = 1.) 

The Write command operates in the same manner as the 
Read command for the following items: 

■ Transfer capacity 

■ End of cylinder (EN) flag 

■ No data (ND) flag 

■ Head unload time interval 



■ ID information when the processor terminates command 

■ Definition of DTL when N = and when N ^ 

Refer to the Read Data command for details. 

In the Write Data mode, data transfers between the 
processor and FDC via the data bus, must occur every 27pts 
in the FM mode and every 1 3/Lts in the MFM mode. If the time 
interval between data transfers is longer, then the FDC sets 
Status register 1 s Overrun (OR) flag to 1 , and terminates the 
Write Data command. (Status register 0, bit 7 = 0, bit 6 = 1 .) 

Write Deleted Data 

This command is the same as the Write Data command 
except a Deleted Data Address mark, instead of the normal 
Data Address mark, is written at the beginning of the data 
field. 

Read Deleted Data 

This command is the same as the Read Data command 
except that when the FDC detects a Data Address mark at 
the beginning of a data field and SK = 0, the FDC reads all 
the data in the sector and sets Status register 2's CM flag to 
1 , and terminates the command. If SK = 1 , then the FDC 
skips the sector with the Data Address mark and reads the 
next sector. 

Read Track 

This command is similar to the Read Data command except 
that this is a continuous Read operation where the entire 
data field from each of the sectors is read. Immediately after 
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sensing the index hole, the FDC starts reading all data fields 
on the track as continuous blocks of data. If the FDC finds an 
error in the ID or Data CRC check bytes, it continues to read 
data from the track. The FDC compares the ID information 
read from each sector with the value stored in the IDR and, if 
there is no comparison, sets Status register 1's ND flag to 1 . 
Multitrack or skip operations are not allowed with this 
command. 

This command terminates when the number of sectors read 
is equal to EOT. If the FDC does not find an ID Address mark 
on the diskette after it senses the index hole for the second 
time, it sets Status register 1's Missing Address mark (MA) 
flag to 1 and terminates the command. (Status Register 0, bit 
7 = 0, bit 6 = 1.) 

Read ID 

The Read ID command gives the present position of the 
recording head. The FDC stores the values from the first ID 
field it can read. If no proper ID Address mark is found on the 
diskette before the index hole is encountered for the second 
time, Status register 1's MA flag is set to 1 ; if no data is found, 
Status register 1's No Data (ND) flag is set to 1. The 
command is then terminated with STO bit 7 = and bit 
6 = 1. During this command, data transfer between FDC 
and the CPU occurs only during the result phase. 

Format Track 

The Format command allows an entire track to be formatted. 
After the index hole is detected, data is written on the 
diskette; Gaps, Address marks, ID fields and data fields, all 
per the IBM 3740 Single Density format or IBM System 34 
Double Density format, are recorded. The processor, during 
the command phase, supplies values i.e., Number of 
bytes/sector (N), Sectors Cylinder (SC), Gap Length (GPL), 
and Data Pattern (D) which determine the particular format 
to be written. 

The data field is filled with the byte of data stored in D. The ID 
field for each sector is supplied by the processor; that is, four 
data requests per sector are made by the FDC for Cylinder 
number (C), Head number (H), Sector number (R), and 
Number of bytes/sector (N). This allows diskette formatting 
with nonsequential sector numbers. 

The processor must send new values for C, H, R, and N to 
the Z765A for each sector on the track. If FDC is set for the 
DMA mode, it issues four DMA requests per sector. If it is set 
for the Interrupt mode, it issues four interrupts per sector and 
the processor must supply C, H, R, and N loads for each 
sector. The contents of the R register are incremented by 1 
after each sector is formatted; thus, the R register contains a 
value of R when it is read during the Result phase. This 
incrementing and formatting continues for the whole track 
until the FDC detects the index hole for the second time, 
whereupon it terminates the command. 

If the Fault signal is received from the FDD at the end of a 
Write operation, the FDC sets Status register 0's EC flag to 1 



and terminates the command after setting Status register 0, 
bit 7 to and bit 6 to 1 . Also the loss of a Ready signal at the 
beginning of a command execution phase causes Status 
register 0, bit 7 and 6 to be set to and 1 respectively. 

Table 5 shows the sector size relationship between N, SC, 
and GPL. 

Table 5. Functional Description of Commands 



Format Sector Size 



N 



SC GPL 1 GPL 23 



8" Standard Floppy 



FM Mode 



MFM 
Mode 4 



1 28 bytes sector 


00 


1A 


07 


1B 


256 


01 


OF 


0E 


2A 


512 


02 


08 


1B 


3A 


1024 


03 


04 


47 


8A 


2048 


04 


02 


C8 


FF 


4096 


05 


01 


C8 


FF 


256 


01 


1A 


0E 


36 


512 


02 


OF 


1B 


54 


1024 


03 


08 


35 


74 


2048 


04 


04 


99 


FF 


4096 


05 


02 


C8 


FF 



8192 



06 



01 



C8 



5 1 At" Minifloppy 



FM Mode 



MFM 
Mode 4 



4096 



05 



01 



C8 



FF 



1 28 bytes/sector 


00 


12 


07 


09 


128 


00 


10 


10 


19 


256 


01 


08 


18 


30 


512 


02 


04 


46 


87 


1024 


03 


02 


C8 


FF 


2048 


04 


01 


C8 


FF 


256 


01 


12 


0A 


OC 


256 


01 


10 


20 


32 


512 


02 


08 


2A 


50 


1024 


03 


04 


80 


F0 


2048 


04 


02 


C8 


FF 



FF 



NOTES: 1 . Suggested values of GPL in Read or Write commands to 

avoid splice point between data field and ID field of contiguous 
sections. 

2. Suggested values of GPL in format command. 

3. All values except sector size are hexidecimal. 

4. In MFM mode FDC cannot perform a Read/Write format 
operation with 1 28 bytes sector. (N = 00) 
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Scan Commands 



The Scan commands allow comparison of data read from 
the diskette and data supplied from the main system. The 
FDC compares the data on a byte-by-byte basis and looks 
for a sector of data which meets the conditions of Dfdd = 
^Processor. DpDD ^ Dp roC essor. or Dfdd ^ Dp rocessor . The 
hexadecimal byte of FF from memory or from FDD can be 
used as a mask byte because it always meets the condition 
of the comparison. One's complement arithmetic is used for 
comparison (FF = largest number, 00 = smallest number). 
After a whole sector of data is compared, if the conditions 
are not met, the sector number is incremented (R + STP -* 
R) and the scan operation continues until one of the 
following conditions occur: the conditions for scan are met 
(equal, low, or high), the last sector on the track is reached 
(EOT), or the terminal count (TC) signal is received. 

If the conditions for scan are met, the FDC sets the Status 
register 2's Scan Hit (SH) flag to 1 and terminates the Scan 
command. If the conditions for scan are not met between 
the starting sector number (R) and the last sector on the 
cylinder (EOT), then the FDC sets Status register 2's Scan 
Not Satisfied (SN) flag to 1, and terminates the Scan 
command. During the scan operation, the receipt of a signal 
from the processor or DMA controller causes the FDC to 
complete the comparison of the particular byte in process 
and then to terminate the command. Table 6 shows the 
status of bits SH and SN under various conditions of Scan. 

Table 6. 



Command 



Status Register 2 
Bit 2 = SN Bit 3 = SH Comments 



Scan Equal 



Scan Low 
or Equal 



Scan High 
or Equal 






1 


D FDD = ^Processor 


1 





Dfdd ^ Dp rocessor 





1 


D FDD = D Processor 








Dfdd < Dp rocessor 


1 





Dfdd > Dp rocessor 





1 


Dfdd = Dp roces sor 








d fdd > Dp rocessor 



d fdd < Dp rocessor 



If the FDC encounters a Deleted Data Address mark on one 
of the sectors and SK = 0, then it regards the sector as the 
last sector on the cylinder, sets Status register 2's Control 
Mark (CM) flag to 1 and terminates the command. IfSK = 1, 
the FDC skips the sector with the Deleted Address mark, 
reads the next sector, and sets Status register 2's Control 
Mark (CM) flag to 1 to show that a Deleted sector has been 
encountered. 

When either the Step (STP) (contiguous sectors = 01 or 
alternate sectors = 02) sectors are read or the Multitrack 



(MT) is programmed, the last sector on the track must be 
read. For example, if STP = 02, MT = 0, the sectors are 
numbered sequentially 1 through 26 and the Scan 
command is started at sector 21 , the following happens. 
Sectors 21 , 23, and 25 are read, then the next sector, 26, is 
skipped and the index hole is encountered before the EOT 
value of 26 can be read resulting in an abnormal termination 
of the command. If the EOT had been set at 25 or the 
scanning started at sector 20, then the Scan command 
would be completed in a normal manner. 

During the Scan command, data is supplied by either the 
processor or DMA Controller for comparison against the 
data read from the diskette. In order to avoid having Status 
register 1's Overrun (OR) flag set, it is necessary to have the 
data available in less than 27/^s (FM mode) or 13/ns (MFM gq 
mode). If an Overrun occurs, the FDC ends the command *J 
with Status register 0, bit 7 cleared to and bit 6 set to 1 . £■ 



Seek 






The Read/Write head within the FDD is moved from cylinder q 
to cylinder under control of the Seek command. The FDC 
has four independent Present Cylinder registers for each 
drive which are cleared only after the Recalibrate command. 
The FDC compares the Present Cylinder Number (PCN) 
which is the current head position with the New Cylinder 
Number (NCN), and if there is a difference, performs the 
following operations: 

PCN < NCN: Direction signal to FDD set to 1, and Step 
Pulses are issued. (Step In) 

PCN > NCN: Direction signal to FDD cleared to 0, and Step 
Pulses are issued. (Step Out) 

The rate at which Step pulses are issued is controlled by 
Stepping Rate Time (SRT) in the Specify command. After 
each Step pulse is issued NCN is compared against PCN, 
and when NCN = PCN, Status register 0's Seek End (SE) 
flag is set to 1 , and the command is terminated. At this point 
FDC interrupt goes High. Bits D0-D3 in the Main Status 
register are set during the Seek operation and are cleared 
by the Sense Interrupt Status command. 

During the command phase of the Seek operation the FDC 
is in the FDC Busy state, but during the execution phase it is 
in the Nonbusy state. While the FDC is in the Nonbusy state, 
another Seek command may be issued, and in this manner 
parallel Seek operations may be done on up to four drives at 
once. No other command can be issued for as long as the 
FDC is in the process of sending step pulses to any drive. 

If an FDD is in a Not Ready state at the beginning of the 
command execution phase or during the Seek operation, 
then Status register 0's Not Ready (NR) flag is set to 1 , and 
the command is terminated after bit 7 is set to 1 and bit 6 to 0. 

If writing three bytes of Seek command exceeds 1 50/,ts, the 
timing between the first two step pulses may be 1 ms shorter 
than that set in the Specify command. 
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Recalibrate 



The function of this command is to retract the Read/Write 
head within the FDD to the Track position. The FDC clears 
the contents of the PCN counter and checks the status of the 
Track signal from the FDD. As long as the Track signal is 
Low, the Direction signal remains and step pulses are 
issued. When the Track signal goes High, the Status 
register O's SE flag is set to 1 and the command is 
terminated. If the Track signal is still Low after 77 step 
pulses have been issued, the FDC sets Status register O's SE 
and Equipment Check (EC) flags to 1s and terminates the 
command after Status register 0, bit 7 is cleared to and bit 
6 is set to 1 . 

The ability to do overlap Recalibrate commands to multiple 
FDDs and the loss of the Ready signal, as described in the 
Seek command, also applies to the Recalibrate command. 
If the Diskette has more than 77 tracks, the Recalibrate 
command should be issued twice, in order to position the 
Read/Write head to Track 0. 

Sense Interrupt Status 

An interrupt signal is generated by the FDC for one of the 
following reasons: 

1 . Upon entering the Result phase of command: 

□ Read Data □ Read Track 

□ Write Data □ Read ID 

□ Write Deleted Data □ Format Track 

□ Read Deleted Data □ Scan 

2. Ready Line of FDD changes state 

3. End of Seek or Recalibrate command 

4. During Execution phase in the non-DMA mode 

Interrupts caused by reasons 1 and 4 occur during normal 
command operations and are easily discernible by the 
processor. During an execution phase in non-DMA mode, 
D5 in the Main Status Register is High. Upon entering the 
Result phase this bit is cleared. Reasons 1 and 4 do not 
require Sense Interrupt Status commands. The interrupt is 
cleared by Reading/Writing data to the FDC. Interrupts 
caused by reasons 2 and 3 may be uniquely identified with 
the aid of the Sense Interrupt Status command which resets 
the Interrupt signal and, via bits 5,6, and 7 of Status register 
0, identifies the cause of the interrupt (Table 7). 





Table 7. 


Interrupt Identification 


Seek End 
Bit 5 


Interrupt Code 
Bit 6 Bit 7 


Cause 





1 


1 


Ready Line changed state, 
either polarity 


1 








Normal Termination of Seek 
or Recalibrate command 



Abnormal Termination of 
Seek or Recalibrate 
command 



The Sense Interrupt Status command is used in conjunction 
with the Seek and Recalibrate commands which have no 
result phase. When the disk has reached the desired head 
position, the Z765A sets the interrupt line true. The host CPU 
must then issue a Sense Interrupt Status command to 
determine the actual cause of the interrupt, which could be 
Seek End or a change in ready status from one of the drives. 
Figure 6 is a graphic example. 

Specify 

The Specify command sets the initial values for each of the 
three internal timers. The Head Unload Time (HUT) defines 
the time from the end of the execution phase of one of the 
Read/Write commands to the head unload state. This timer 
is programmable from 16 to 240ms in increments of 16ms 
(01 = 16ms, 02 = 32ms.. .OF 16 = 240ms). The Step Rate 
Time (SRT) defines the time interval between adjacent step 
pulses. This timer is programmable from 1 to 16ms in 
increments of 1ms (F = 1ms, E = 2ms, and D = 3ms). The 
Head Load Time (HLT) defines the time between the Head 
Load signal's going High and the start of the Read/Write 
operation. This timer is programmable from 2 to 254ms in 
increments of 2ms (01 = 2ms, 02 = 4ms, 03 = 6ms.. .7F = 
254ms). 

The time intervals mentioned are a direct function of the 
8MHz clock; if the clock were reduced to 4MHz (minifloppy 
application), all time intervals would be increased by a factor 
of 2. 

The choice of a DMA or non-DMA operation is made by the 
Non-DMA (ND) bit. When this bit is High (ND = 1), the 
Non-DMA mode is selected; when ND = 0, the DMA mode 
is selected. 

Sense Drive Status 

The processor uses this command to obtain the status of the 
FDDs. Status register 3 contains the Drive Status information 
stored internally in FDC registers. 

Invalid 

If an Invalid command (not defined above) is sent to the 
FDC, then the FDC terminates the command after Status 
Register bit 7 is set to 1 and bit 6 to 0. No interrupt is 
generated by the Z765A during this condition. Bits 6 and 7 
(DIO and RQM) in the Main Status register are both High, 
indicating to the processor that the Z765A is in the Result 
phase and the contents of Status register (STO) must be 
read. When the processor reads Status register 0, it finds an 
80h indicating the receipt of an Invalid command. 

A Sense Interrupt Status command must be sent after a 
Seek or Recalibrate Interrupt, otherwise the FDC considers 
the next command as an Invalid command. 

This command may be used as a No-Op command to place 
the FDC in a standby or No Operation state. 
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- SEEK (OR RECALIBRATE) COMMAND - 



-COMMAND PHASE - 



- EXECUTION PHASE - 



'"ILrLTULrLTU 



! 1 



OPCODE FOR 

INSTRUCTION 

WRITTEN 

INTO Z765A 



HD/DRIVE NOT NCN WRITTEN 

WRITTEN INTO Z765A 

INTOZ765A 



SENSE INTERRUPT STATUS COMMAND 

- COMMAND PHASE *• ** RESULT PHASE - 



uu 



iLn_r~i_nir 



-"ilrnununi. 

i i 


un 


iin un. 

i 


= u u u 




U 


U'U u u 




LI U U 




u 







DIO [J 


u 


u 


u 


JL 


JL 


ROM J! 


n 


n 


n 


n 


n 



OPCODE FOR 


STATUS 


INSTRUCTION 


REGISTER STO 


WRITTEN 


READ BY 


INTO Z765A 


PROCESSOR 



Figure 6. Seek, Recalibrate, and Sense Interrupt Status 



N 

0) 
01 



o 



GAP 4a 


SYNC 




GAP1 


SYNC 




C 


H 


S 




C 


GAP 2 


SYNC 






C 






40x 


6x 


FC 


26x 


6x 


FE 


Y 


E 





H 


11x 


6x 


FB OR F8 


DATA 


K 


GAP 3 


GAP 4b 


FF 


00 




FF 


00 












C 


FF 


00 






C 







- REPEAT N TIMES - 



Figure 7. Data Format, FM Mode 
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80x 
4E 


SYNC 
12x 
00 
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50x 
4E 
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00 
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C 
Y 

L 


H 
D 


S 

E 
C 


N 



C 
R 
C 


GAP 2 
22x 

4E 


SYNC 
12x 
00 


DATA AM 


DATA 


C 
R 
C 


GAP 3 


GAP 
4b 


3x 
C2 


FC 


3x 
A1 


FE 


3x 
A1 


FB 
F8 



-REPEAT N TIMES - 



Figure 8. Data Format, MFM Mode 
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Figure 9. Data Timing Relationships 
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AC CHARACTERISTICS 

T A = -10°Cto + 70°C;V C c = +5V ± 5% unless otherwise specified. 



Number Symbol 


Parameter 


Min 


TVP 1 


Max 


Unit 


Test Condition 


1 


TcC 


Clock Cycle Time 


120 


125 
125 
250 


500 


ns 
ns 
ns 


8" FDD 
5 1 / 4 " FDD 


2 


TwCh 


Clock Width (High) 


40 






ns 




3 


TrC 


Clock Rise Time 






20 


ns 




4 


TfC 


Clock Fall Time 






20 


ns 




5 
6 


TsAR 
ThRA 


D/S, CS, DACK to RD i Setup Time 
D/S, CS, DACK from RD t Hold Time 










ns 
ns 




7 


TwRD 


RD Width 


250 






ns 




8 


TdRDf(Do) 


RD 1 to Data Output Delay 






200 


ns 


C L = 100 pf 


9 
10 

11 


TdRDr(Dz) 
TsCS(WRf) 

ThCS(WRr) 


RD t to Data Float Delay 
Control Signal (D/S, CS, DACK) to 

WR 1 Setup Time 
Control Signal (D/S, CS, DACK) from 

WR t Hold Time 


20 






100 


ns 
ns 
ns 


C L = 100 pf 


12 


TwWR 


WR Width 


250 






ns 




13 


TsD(WRr) 


Data to WRt Setup Time 


150 






ns 




14 


ThD(WRr) 


Data from WR t Hold Time 


5 






ns 




15 


TdRDr(INT) 


RDt to INT Delay Time 






500 


ns 




16 


TdWRr(INT) 


WRt to INT Delay Time 






500 


ns 




17 


TcDRQ 


DRQ Cycle Time 


13 






MS 




18 


TdDRQ(DACK) 


DACK 1 to DRQ* Delay 






200 


ns 




19 
20 


TdDACK(DRQ) 
TwDACK 


DRQ t to DACK 4 Delay 
DACK Width 


200 
2 






ns 
TcC 


TcC = 125 ns 


21 


TwTC 


TC Width 


1 






TcC 




22 


TwRST 


Reset Width 


14 






TcC 




23 


TcWCK 


WCK Cycle Time 




4 
2 
2 
1 




MS 
MS 
MS 
MS 


MFM = 5V4" 
MFM = 1 5 1 /4" 
MFM = 8" 
MFM = 1 8" 


24 


TwWCKh 


WCK Width (High) 


80 


250 


350 


ns 




25 


TrWCK 


WCK Rise Time 






20 


ns 




26 


TfWCK 


WCK Fall Time 






20 


ns 




27 


TdWCKr(PS) 


WCK t to Preshift Delay Time 


20 




100 


ns 




28 


TdWCKr(WEr) 


WCK t to WE t Delay Time 


20 




100 


ns 




29 
30 


TdWCKr(WDA) 
TwRDDh 


WCK t to WDA Delay Time 
RDD Width (High) 


20 
40 




100 


ns 
ns 




31 


TWCY 


Window Cycle Time 




4 
2 
2 
1 




MS 
MS 
MS 
MS 


MFM = 5 1 / 4 " 
MFM = 1 5 1 /4" 
MFM = 8" 
MFM = 1 8" 


32 


TsW(RDDh) 
ThW(RDDI) 


Window to RDD t Setup Time 
Window from RDD 1 Hold Time 


15 






ns 




33 
34 
35 
36 


TsUS(RWh) 
TsRWr(DIR) 
TsDIR(STEPr) 
ThUS(STEPI) 


Unit Select to RW/SEEK t Setup Time 
RW/SEEK t to LCT/DIR Setup Time 
LCT/DIR to STEP t Setup Time 
Unit Select from STEP I Hold Time 


12 
7 
1 
5 






MS 
MS 
MS 
MS 




NOTES. 1. 
2. 


Typical values for T^ = 25 °C and nominal supply voltage. 

Under software control, the range is from 1 ms to 1 6 ms at 8 MHz clock period. 
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AC CHARACTERISTICS (Continued) 

T A = -10°Cto + 70°C; V C c = +5V ± 5% unless otherwise specified. 



Number 


Symbol 


Parameter 


Min 


TVP 1 


Max 


Unit Test Condition 


37 


TwSTEPh 


STEP Width (High) 


6 


7 


8 


MS 


38 


TcSTEP 


STEP Cycle Time 


16 


Note 2 


Note 2 


MS 


39 


TwFRh 


FAULT RESET Width (High) 


8 




10 


M 


40 


TwWDAh 


Write Data (WDA) Width (High) 


Tn-50 






ns 


41 


ThUS(SEEKf) 


Unit Select from RW/SEEK \ Hold Time 


15 






MS 


42 


ThSEEK(DIR) 


RW/SEEK from LCT/DIR Hold Time 


30 






MS 


43 


ThDIR(STEPf) 


LCT/DIR from STEP \ Hold Time 


24 






MS 


44 


TwIDX 


INDEX Width (High and Low) 


10 






TcC 


45 


TdDRQh(RDI) 


DRQ t to RD \ Delay Time 


800 






MS 


46 


TdDRQh(WRI) 


DRQ t to WR* Delay Time 


250 






MS 


47 


TdDRQh(RWh) 


DRQ t to RD t or WR t Delay Time 






12 


MS 



M 

01 





NOTES. 1 Typical values for Ta = 25°C and nominal supply voltage. 

2 Under software control, the range is from 1 ms to 1 6 ms at 8 MHz clock period 



Processor Read Operation 



D/S,CS,DACK 




Processor Write Operation 
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v 

DC 



-<i2>- 



-®- 
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-®- 
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DMA Operation 



DRQ 



®^ 



\ 



"®- 



\ 
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®- 
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FDD Write Operation 



WRITE CLOCK 



-J?"\ A A ^\- 



®+ 



WRITE ENABLE 



PRESHIFT OR 1 



WRITE DATA 



® 



—® 



**-@ ©"** 



zx=x 



©-► 



-®- 



X 



xz 



® 



s\ A a ay 

®+* 





Preshift 


Preshift 1 


Normal 








Late 





1 


Early 


1 






Seek Operation 



uso, ZX 



X 



® 



RW/SEEK 



/ 



® — 

dczx 



®* 



-® 



® 



\ 



® 



n 

®- 



-ft- 



Jr^ 



-%- 
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FLT Reset 



INDEX 



FAULT RESET = 
FILE UNSAFE RESET 



^"u 



**-®-+» 



-J"\ 



+®*~ 



FDD Read Operation 






/% 



READ DATA WINDOW 



X 



-®- 



>z 



s 

s 

a 



Terminal Count 




RESET 
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ABSOLUTE MAXIMUM RATINGS 

T A = 25°C 

Operating Temperature 0°Cto + 70°C 

Storage Temperature -65°Cto +150°C 

All Output Voltages -.3Vto +7V 

All Input Voltages -.3Vto +7V 

Supply Voltage V C c -.3Vto +7V 

Power Dissipation 1 W 



Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above these indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



DC CHARACTERISTICS 

T A = 0°Cto +70°C;V C c = +5V ± 5% unless otherwise specified. 



Symbol 


Parameter 


Min 


iyp* Max 


Unit 


Test Condition 


V|L 


Input Low Voltage 


-0.3 


0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc 


V 




Vol 


Output Low Voltage 




0.40 


V 


Iol = 2.0 mA 


Voh 


Output High Voltage 


2.4 


Vcc 


V 


| 0H = -200/iA 


V|LC 


Input Low Voltage (CLK + WR Clock) 


-0.3 


0.45 


V 




V|HC 


Input High Voltage (CLK + WR Clock) 


2.4 


V C C + 0.3 


V 




ice 


Vcc Supply Current 




150 


mA 






Input Load Current 




10 


MA 


V|N = Vcc 


I LI 


(All Input Pins) 




-10 


^ 


V, N = 0V 


■loh 


High Level Output Leakage Current 




10 


^ 


VrjUT = Vcc 


■lol 


Low Level Output Leakage Current 




-10 


^ 


VquT= + 0.40V 


Typical values for T A = 25 °C and nominal supply voltage. 



CAPACITANCE 

T A = 25 °C; f c = 1 MHz; V CC = 0V 



Symbol 



Parameter 



Min 



Max 



Unit 



Test Condition 



CcLOCK Clock Input Capacitance 

Cin Input Capacitance 

Gout Output Capacitance 



20 
10 
20 



PF 
PF 
PF 



All pins except pin under 
test tied to AC Ground 



ORDERING INFORMATION 

Ordering information is available from your local Zilog Sales 
Office. 

Package drawings are in the Package Information section in 
this book. 

Refer to the Literature List for additional documentation. 
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Military 
Products 



Zilog 



Military Products 



April 1985 



Zilog offers high reliability versions 
of many of our Z8000, Z80, and Z8 
logic circuits. Zilog military microcir- 
cuits are fabricated, assembled, and 
tested in accordance with the latest 
requirements of MIL-STD-883 using 
the highest quality and reliability 
standards. 

Zilog's multi-million dollar fabrica- 
tion facility in Nampa, Idaho incorpo- 
rates the highest quality and latest 
technological equipment available 
for semiconductor wafer processing. 
Our Nampa wafer fabrication line is 
JAN Mil-M-38510 certified and 
meets stringent government require- 
ment for process control, facility 
cleanliness, documentation, and 
equipment calibration. 

Zilog has implemented at our 
Campbell, California military testing 
(operations) facility the latest test 
procedures to ensure maximum 
performance and reliability in addi- 
tion to full compliance with the mili- 
tary specifications. 



Zilog has extensive operator train- 
ing programs, carefully monitored 
internal process specification con- 
trols, strict equipment maintenance 
procedures, ongoing research and 
development, and continuous data 
management to ensure that Zilog 
military products represent the in- 
dustry standard for excellence. 

MILITARY SOFTWARE 

Ada 

Ada, a high-level programming 
language developed and specified 
by the U.S. Department of Defense, 
is designed for use in imbedded 
applications. 

Zilog currently has an Ada Com- 
piler available which implements 
90% of the ANSI/Mil-STD-1 81 5A 
requirements. This Compiler, devel- 
oped by Irvine Computer Science 
Corporation (ICSC), features high 
compile speed and efficient code 



generation. The compiler generates 
Z8001 segmented memory or 
Z8002 nonsegmented memory 
object code. Full implementation 
and validation is planned for the 
Spring of 1985. 

JAN MIL-M-38510 

Zilog Military Products has a clear 
and ongoing commitment to the 
qualification and production of high- 
reliability JAN Mil-M-38510 QPL 
components. 

Zilog's strong JAN commitment is 
exemplified by the qualification of 
our Z8002, Z8002A, Z8400 and 
Z8400A Military microprocessors. 
To meet the industry needs for a 
strong support network, our goal is 
the qualification of many of our 
Z8000 peripheral products. 

Zilog Military Products has proven 
its ongoing involvement in the mili- 
tary community and will continue to 
dedicate resources toward that goal. 



3 
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MIL-STD-883 MILITARY PROCESSED PRODUCT 



Mil-Std-883 establishes uniform methods and proce- 
dures for testing microelectronic devices to insure the 
electrical, mechanical, and environmental integrity and 
reliability that is required for military applications. 

Mil-Std-883 Class B is the industry standard product 
assurance level for military ground and aircraft 
application. 



The total reliability of a system depends upon tests that 
are designed to stress specific quality and reliability 
concerns that affect microelectronic products. 

The following tables detail the 1 00% screening and elec- 
trical tests, sample electrical tests, and Qualification/ 
Quality Conformance testing required. 



Zilog Military Product Flow 











OPTICAL 


WAFER 




SCRIBE AND 




INSPECTION 


FABRICATION 




BREAK 




(MIL-STD-883 
Method 2010) 



PRE-SEAL 






VISUAL 




SEAL AND 


(MIL-STD-883 




LOT I.D. 


Method 2010) 







ENVIRONMENTAL SCREENING 

■ STABILIZATION BAKE 

■ TEMPERATURE CYCLE 

■ CENTRIFUGE 

■ FINE LEAK 

■ GROSS LEAK 




BURN-IN 
(MIL-STD-883 
Method 1015) 



FINAL 

ELECTRICAL 

TESTS 

3 TEMPS 





FINAL 

ELECTRICAL 

TESTS 



SAMPLE 
ELECTRICAL 



EXTERNAL 
VISUAL 
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Military Product Cross Reference 

Products Are Available in MIL-STD-883 Class B Flow 
Unless Otherwise Noted (t). 











Package 


JAN 






Device 




Speed in MHz 


C(DIP) 


L(LCC) 


MIL-M- 








2.5 


4.0 


6.0 8.0 10.0 


Pins 


Pins 


38510 


Description 




*Z8001 




X 




48 


(@)68 


F 


Z8000SEGCPU 




*Z8001A 






X 


48 


(@)68 


F 


Z8000 SEG CPU 




*Z8001B 






X 


48 


(@)68 


F 


Z8000SEGCPU 




*Z8002 




X 




40 


(t)44 


Q 


Z8000 NON-SEG CPU 




*Z8002A 






X 


40 


(t)44 


Q 


Z8000 NON-SEG CPU 




*Z8002B 






X 


40 


(t)44 


F 


Z8000 NON-SEG CPU 




*Z8010 




X 




(t)48 


(@)68 




Z8000Z-MMUZ-BUS 




*Z8010A 






X 


(t)48 


(@)68 




Z8000Z-MMUZ-BUS 




*Z8010B 






X 


(t)48 


(@)68 




Z8000Z-MMUZ-BUS 


as 

sr 


Z8030 




X 




40 


(t)44 


F 


Z8000Z-SCCZ-BUS 


Z8030A 






X 


40 


(t)44 


F 


Z8000Z-SCCZ-BUS 


i 


Z8530 




X 




40 


(f)44 


F 


Z8000 SCC Multi Bus 


Z8530A 






X 


40 


(t)44 


F 


Z8000SCCMultiBus 


a 


Z8036 




X 




40 


(t)44 


F 


Z8000Z-CIOZ-BUS 


Z8036A 






X 


40 


(t)44 


F 


Z8000Z-CIOZ-BUS 


i 


Z8536 




X 




40 


(t)44 


F 


Z8000 CIO Multi Bus 


Z8536A 






X 


40 


(t)44 


F 


Z8000 CIO Multi Bus 




Z8038 




X 




(@)40 


(@)44 


F 


Z8000Z-FIOZ-BUS 




Z8038A 






X 


(@)40 


(@)44 


F 


Z8000Z-FIOZ-BUS 




Z8581 






X 


(t)18 


(TBD) 44 


F 


Z8000 CGC 




Z8581-10 






X 


(t)18 


(TBD) 44 


F 


Z8000CGC 




Z8400 


X 






40 


(t)44 


Q 


Z80CPU 




Z8400A 




X 




40 


(t)44 


Q 


Z80CPU 




Z8420 


X 






40 


(t)44 




Z80 PIO 




Z8420A 




X 




40 


(t)44 




Z80 PIO 




Z8430 


X 






28 


(t)44 




Z80CTC 




Z8430A 




X 




28 


(t)44 




Z80CTC 




Z8440 


X 






40 






Z80SIO/0 




Z8440A 




X 




40 






Z80SIO/0 




Z8441 


X 






40 






Z80SIO/1 




Z8441A 




X 




40 






Z80SIO/1 




Z8442 


X 






40 






Z80SIO/2 




Z8442A 




X 




40 






Z80SIO/2 




Z8444 


X 








(t)44 




Z80SIO/0,1,2 




Z8444A 




X 






(t)44 




Z80SIO/0,1,2 




Z8611 






X 


(|)40 


(TBD) 44 




Z8MCU 




Z8671 






X 


(t)40 


(TBD) 44 




Z8 MCU BASIC Debug 




Z8681 






X 


(f)40 


(TBD) 44 




Z8 ROMIess 





* Available in - 55 °C to + 1 10°C temperature range. 

@ Future Package, contact your local sales representative for current availability 

t Device/Package currently available in military temperature range only Contact your local sales representative for current Class B flow availability. 

Q JAN qualified/dual-in-hne package only 

F Future proposed JAN product/dual-in-lme package only 

TBD To be determined 
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Table I 

MIL-STD-883 Class B Screening Requirements 

Method 5004 



Test 


Mil-Std-883 
Method 


Test Condition 


Requirement 


Internal Visual 


2010 


Condition B 


100% 


Stabilization Bake 


1008 


Condition C 


100% 


Temperature Cycle 


1010 


Condition C 


100% 


Constant Acceleration (Centrifuge) 


2001 


Condition E or D( Note 1 ), Y 1 Axis Only 


100% 


Fine Leak 


1014 


Condition A2 


100% 


Gross Leak 


1014 


Condition C 


100% 


Initial Electrical Tests 




Zilog Military Electrical Specification 
Static/DC T c = +25°C 


1000/0 


Burn-In 


1015 


Condition D< Note2 ), 160 hours, 
T A = +125°C 


1000/0 


Interim Electrical Tests 




Zilog Military Electrical Specification 
Static/DC T c = +25°C 


1000/0 


PDA Calculation 




PDA = 5% 


1000/0 


Final Electrical Tests 




Zilog Military Electrical Specification 
Static/DC T C = + 125°C, -55°C( Note3 ) 
Functional, Switching/AC Tq = +25°C 


1000/0 



Quality Conformance Inspection (QCI) 
Group A Each Inspection Lot 

G rou p B Every 6 Weeks 

Group C Every 1 2 Months 
Group D Every 1 2 Months 



5005 


(See Table II) 


5005 


(See Table III) 


5005 


(See Table IV) 


5005 


(See Table V) 



Sample 
Sample 
Sample 
Sample 



External Visual 



2009 



IOO0/0 



QA— Ship 



1000/0 



NOTES 

1 Applies to larger packages which have an inner seal or cavity perimeter of two inches or more in total length or have a package 
mass of >5 grams 

2 In process of fully implementing of Condition D Burn-In Circuits Contact factory for copy of specific burn-in circuit available. 

3 Tq = - 55 °C to + 1 25 °C unless otherwise specified on individual device electrical specification 
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Table II Group A 

Sample Electrical Tests 
MIL-STD-883 Method 5005 



Subgroup 


Tests 


Temperature 0c) 


LTPD 
Max Accept = 2 


Subgroup 1 


Static/DC 


+ 25°C 


2 


Subgroup 2 


Static/DC 


+ 125°C 


3 


Subgroup 3 


Static/DC 


-55°C 


5 


Subgroup 7 


Functional 


+ 25°C 


2 


Subgroup 8 


Functional 


-55°Cand +125°C 


5 


Subgroup 9 


Switching/ AC 


+ 25°C 


2 


Subgroup 10 


Switching/ AC 


+125°C 


3 


Subgroup 1 1 


Switching/ AC 


-55°C 


5 



NOTES: 

• The specific parameters to be included for tests in each subgroup shall be as specified in the applicable detail electrical specification. Where no 
parameters have been identified in a particular subgroup or test within a subgroup, no Group A testing is required for that subgroup or test 

• A single sample may be used for all subgroup testing. Where required size exceeds the lot size, 1 00% inspection shall be allowed 

• Group A testing by subgroup or within subgroups may be performed in any sequence unless otherwise specified. 

• Tq = - 55 °C to + 125°C unless otherwise specified on individual device electrical specification. 



3 
§ 

! 

C0 
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Table III Group B 

Sample Test Performed Every 6 Weeks to 

Test Construction and Insure Integrity of Assembly Process. 

MIL-STD-883 Method 5005 



Subgroup 


Mil-Std-883 
Method 


Test Condition 


Quantity or 
LTPD/Max Accept 


Subgroup 1 

Physical Dimensions 


2016 




2/0 


Subgroup 2 

Resistance to Solvents 


2015 




4/0 


Subgroup 3 

Solderability 


2003 


Solder Temperature 
+ 245°C±5°C 


15 (Note1) 


Subgroup 4 

Internal Visual and Mechanical 


2014 




1/0 


Subgroup 5 

Bond Strength 


2011 


C 


15 (Note2) 


Subgroup 6< Note3 ) 

Internal Water Vapor Content 


1018 


1000 ppm. 
maximum at +100°C 


3/0 or 5/1 



Subgroup 7( Note4 ) 
Seal 
7a) Fine Leak 
7b) Gross Leak 



1014 



7a) A 2 
7b) C 



Subgroup 8< Note5 ) 
Electrostatic Discharge Sensitivity 



3015 



Zilog Military Electrical 
Specification 

Static/DC T C = +25°C 

A = 20-2000V 

B = >2000V 
Zilog Military Electrical 
Specification 

Static/DC T C = +25°C 



15/0 



NOTES. 

1 . Number of leads inspected selected from a minimum of 3 devices. 

2. Number of bond pulls selected from a minimum of 4 devices. 

3. Test applicable only if the package contains a dessicant. 

4. Test not required if either 1 00% or sample seal test is performed between final electrical tests and external visual during Class B screening. 

5. Test required for initial qualification and product redesign. 
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Table IV Group C 

Sample Test Performed Periodically Every 

1 2 Months to Verify Integrity of the Die. 

MIL-STD-883 Method 5005 



Subgroup 


MH-Std-883 
Method 


Test Condition 


Quantity or 
LTPD/Max Accept 




Subgroup 1 

Steady State Operating Life 


1005 


Condition D< Note 1 ), 1000 hours at 
+ 125°C 


5 




End Point Electrical Tests 




Zilog Military Electrical Specification 
T c = +25°C, +125°C, -55°C( Note3 ) 






Subgroup 2 

Temperature Cycle 


1010 


Condition C 




3 


Constant Acceleration (Centrifuge) 


2001 


Condition E or D< Note 2 \ Y^ Axis Only 




Seal 

2a) Fine Leak 
2b) Gross Leak 


1014 


2a) Condition A2 
2b) Condition C 


15 


01 

1 


Visual Examination 


1010or1011 






End Point Electrical Tests 




Zilog Military Electrical Specification 
T C = +25°C, +125°C, -55°C( Note3 ) 





NOTE: 

1 . In process of fully implementing Condition D Burn-In Circuits. Contact factory for copy of specific burn-in circuit available. 

2. Applies to larger packages which have an inner seal or cavity perimeter of two inches or more in total length or have a package 
mass of >5 grams. 

3. Tc = -55°Cto +1 25 °C unless otherwise specified on individual device electrical specification. 
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Table V Group D 

Sample Test Performed Periodically Every 12 Months to Insure Integrity of the Package. 

MIL-STD-883 Method 5005 



Subgroup 



Mil-Std-883 
Method 



Test Condition 



Quantity or 
LTPD/Max Accept 



Subgroup 1 

Physical Dimensions 



2016 



15 



Subgroup 2 

Lead Integrity 

Seal 

2a) Fine Leak 
2b) Gross Leak 



2004 
1014 



Condition B 2 or D( Note1 ) 

2a) Condition A2 
2b) Condition C 



15 



Subgroup 3 

Thermal Shock 

Temperature Cycling 

Moisture Resistance 

Seal 
3a) Fine Leak 
3b) Gross Leak 

Visual Examination 

End Point Electrical Tests 



1011 

1010 
1004 
1014 

1004 or 1010 



Condition B minimum, 
15 cycles minimum 

Condition C, 1 00 cycles minimum 



3a) Condition A2 
3b) Condition C 



Zilog Military Electrical Specification 
T C = + 25°C, + 125°C, -55°C( Note6 ) 



15 



Subgroup 4 

Mechanical Shock 

Vibration Variable Frequency 

Constant Acceleration (Centrifuge) 

Seal 

4a) Fine Leak 
4b) Gross Leak 

Visual Examination 

End Point Electrical Tests 



2002 


Condition B minimum 


2007 


Condition A minimum 


2001 


Condition E or D( Note 2 \ ^ Axis Only 


1014 


4a) Condition A2 
4b) Condition C 


1010or 1011 





15 



Zilog Military Electrical Specification 
T c = +25°C, +125°C, -55°C( Note6 ) 



Subgroup 5 

Salt Atmosphere 

Seal 
5a) Fine Leak 
5b) Gross Leak 



1009 
1014 



Condition A minimum 

5a) Condition A2 
5b) Condition C 



15 



Visual Examination 


1009 






Subgroup 6 

Internal Water Vapor Content 


1018 


5,000 ppm. maximum water 
content at +100°C 


3/0 or 5/1 


Subgroup 7( Note 3 ) 

Adhesion of Lead Finish 


2025 




15 (Note4) 


Subgroup 8( Note5 ) 

Lid Torque 


2024 




5/0 



NOTES: 

1 . Lead Integrity Condition D for leadless chip carriers 

2. Applies to larger packages which have an inner seal or cavity 
perimeter of two inches or more in total length or have a package 
mass of >5 grams. 



3. Not applicable to leadless chip carriers. 
4 LTPD based on number of leads. 

5. Not applicable for solder seal packages. 

6. Tc - 55 °C to + 125°C unless otherwise specified on individual 
device electrical specification 
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Development 
Products 



Zilog 



Comprehensive 
Development Environments 
for All Zilog Microprocessors 



April 1985 



Zilog 's development system prod- 
ucts feature ideal environments for 
software development for the Z8 and 
Z8000 microprocessors. The modu- 
larized design approach of the Zilog 
development systems allows the 
user a choice of hardware and soft- 
ware modules to meet current 
needs, while providing the neces- 
sary upgrade possibilities for future 
requirements. 

The System 8000 concept parti- 
tions software and hardware devel- 
opment tools into specially tailored 
devices. Software and hardware 
checkout are handled by separate 
yet compatible products. Software 
can be developed on both Zilog and 
non-Zilog hosts using available com- 
pilers and cross-compilers. In either 
case, compatible hardware emula- 
tion systems are available at several 
levels of complexity. Standard 
RS-232 links provide for uploading 
and downloading of programs 
between hosts and emulators. 



System 8000, a high-performance, 
multiuser, multitasking software 
development host, combines the 
commercial system's function and 
the development system concept. 
The Z8000-based System 8000 
hardware incorporates a high- 
performance Winchester disk, as 
well as intelligent disk and tape con- 
trollers, to further improve perform- 
ance. The UNIX-based operating 
system is specifically designed for 
software development and test pro- 
cessing. Numerous development 
tools are available including a sym- 
bolic debugger, various libraries, 
and the programming languages C, 
Ada, FORTRAN, and Pascal. 
Because the operating system treats 
emulators as System 8000 periph- 
erals, the system works with EMS 
8000, Z-UPC, Z-SCAN 8, 80, 8000 
or non-Zilog emulators to provide 
total product development support 
for multiple microprocessors. 

Zilog has an emulation device 
called Z-SCAN (Zilog Stand-Alone 
Analyzer) and a high-level emulation 
device called EMS 8000. The basic 
idea behind Zilog development 
systems is to allow hardware and 
software to be developed simultane- 
ously from the beginning of the pro- 
ject. Along with Zilog's System 8000 
host, or other UNIX hosts such as 
VAX, a multiuser development envi- 
ronment can be created in conjunc- 
tion with the Z-SCAN family and the 
EMS 8000. 



Z-SCAN is easy to master and so 
low-cost that every engineer can 
afford one. The Z-SCAN family in- 
cludes emulators for the Z8, Z80, 
and Z8000 family of microproces- 
sors. The features of the Z-SCAN 
family include hardware breakpoints, 
real-time trace, and real-time emula- 
tion from mapped memory. The 
menu-oriented user interface pro- 
vides a short learning time for the 
first time user, as well as advanced 
debug capabilities for the experi- 
enced engineer. 

EMS 8000 is a sophisticated emu- 
lation management system that aids 
in the development of Z8000 MPU 
implementations. By providing logic 
state analysis, high-speed emula- 
tions, complex triggering, a large 
real-time trace buffer, and large 
mappable memory, EMS 8000 
makes emulation and debugging 
both easier and faster. EMS 8000 
also provides in-circuit emulation for 
Z8001 , Z8002, and Z8003 micropro- 
cessors. 

The Z8 and Z8000 Development 
Modules are single-board microcom 
puters that permit the development 
of code for the Z8, Z8001 , and 
Z8002. They facilitate prototyping 
with large wire-wrap areas and are 
totally transparent to the host CPU 
systems. 
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I Two 4K Z8s are used on the board: 
one as board manager and one for 
emulation (without real-time trace) 
or other user-defined configuration. 

4096 bytes of static RAM allow con- 
venient creation and debugging of 
user code. 

I On-board socket tests user code in a 
2716 or 2732 EPROM. 

I Up to 4096 hardware breakpoints on 
address compare cover the entire 
internal ROM space. 

Versatile monitor software allows 
debugging, with register/memory 
examination and manipulation, and 
file upload and download. 

"Transparent" operation allows 
terminal-to-host communication 
without disconnecting the Develop- 
ment Module. 

Wire- wrap area for prototyping. 

Z8 board management is operated at 
7.3728 MHz for baud rate purposes. 
The User Z8 has switch- selectable 8 
or 12 MHz crystals. 
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OVERVIEW 

The Z8 Development Module is a 
single-board microcomputer system 
specifically designed to assist in the 
development and evaluation of hard- 
ware and software designs based on the 
Z8 microcomputer family. It allows the 
user to build a prototype using the Z8 
prototyping device, thereby developing 
code that will eventually be mask- 
programmed into the Z8 on-chip ROM. 

Two Z8 devices exist on the Z8 
Development Module: the Monitor Z8 
serves as a board controller, while the 
User Z8 is user- definable. All user 
ports on the User Z8 are uncommitted 
and can be configured to suit any ap- 
plication. 



Up to 4096 bytes of high-speed static 
RAM are available to simulate internal 
ROM. Also, an on-board EPROM 
socket allows the user to substitute 
EPROM for the ROM. This enables the 
user to store the software without 
building special hardware. 

The EPROM- resident monitor soft- 
ware offers register and memory 
manipulation, as well as a convenient 
means to upload and download soft- 
ware between the host and user RAM 
space. 

The Development Module connects 
to the CRT terminal and host system 
via two on-board RS-232-C serial ports; 
this places the Development Module 



between the CRT and host. A simple 
command makes the Development 
Module transparent in the serial path, 
which allows software to be developed 
on the host- resident assembler without 
disconnecting the Development Module 
from the CRT and host. 

The Development Module can 
operate stand-alone for simple debug- 
ging operations, or it can interface 
directly to a host system such as the 
Zilog System 8000 for software develop- 
ment and file storage. 

Fourteen square inches of wire-wrap 
area with 5 V and ground points are 
provided near the User Z8 for proto- 
typing. 
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FUNCTIONAL DESCRIPTION 

Hardware. The two Z8 microcomputer 
units (Monitor MCU and User MCU) 
are at the heart of the Z8 Development 
Module. The Monitor MCU controls 
operation of the User MCU using the 
monitor/debug software, which resides 
in 4K bytes of EPROM. Hardware 
breakpoint logic provides a maximum 
of 4096 breakpoints. Single-stepping 
with software trace capabilities is also 
available. 

The User MCU is controlled by the 
Monitor MCU via internal address/data 
and control lines brought out to exter- 



nal pins. This effectively leaves all 
ports on the User MCU unconfigured 
and available for the user. The 4K 
bytes of static RAM on the internal bus 
are reserved for code that is executed 
by the User MCU. Execution is done in 
real time at full processor speed. 

In addition to the wire- wrap area, a 
40-pin header (3M type 2395-1002) for 
the User Z8 can connect to a ribbon 
cable with a 40-pin plug, which will 
then plug into a target system. Two 
switches, Mode and Reset, provide a 
means to re-enter the Monitor and to 



reinitialize the system, respectively. 
The baud rate, from 110 to 19200, is 
the same baud rate used for the ter- 
minal and host and is selected with an 
on-board, four-element DIP switch. 

Software. The monitor/debug program 
includes debug, disassembly, input/ 
output, control, and host interface com- 
mands. These commands are grouped 
into four major functional blocks: 
monitor, debug, manipulation, and file 
commands (see the following command 
list). 



Monitor Commands. This group of commands controls 
execution of the User MCU, monitors user interrupts and 
transfers control from the monitor to the host system. 

GO < ADDRESS > Causes User MCU to execute its 

program and disallows further 
debugging until a BREAK or 
HALT command is encountered. 



HALT 
QUIT 
INTERRUPTS [E/D] 



Debug Commands. This group of commands allows the user 
to debug code by tracing through code and setting break- 
points and jumps to specified locations within the "internal" 
ROM space, which is simulated in 4K bytes of RAM. 

Sets a breakpoint at the specified 
address. 



Halts program execution of the 
User MCU. 

Returns control to the host system 
and enters the "transparent" mode. 

Enables or disables all user- 
generated interrupts. Note: All 
user interrupts are automatically 
disabled when a breakpoint is 
encountered. It is necessary to 
reenable such interrupts with this 
command. 



BREAK < ADDRESS > 
KILL [< ADDRESS >] 
JUMP < ADDRESS > 



NEXT[<n>] 



TRACE 



Clears the breakpoint at the 
specified address. 

Allows the User MCU to jump to a 
specified address anywhere within 
the internal ROM space by chang- 
ing the value of the Program 
Counter. 

Causes execution of n instructions 
of the User MCU and then halts 
the User MCU. 

Causes single- step execution of the 
User MCU. Every instruction 
executed is output to the console. 
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Z8 Development Module Block Diagram 



Manipulation Commands. The manipulation commands 
display and alter registers and memory. This group can be 
subdivided into two categories: register manipulation and 
memory manipulation. 

Register Manipulation 

REGISTER [< REG 
NUMBER >] [<NEW 
REG VALUE >] 



WORKING REGISTERS 

PHILL < STARTING 
REGISTER> < NUMBER 
OF REGISTERS > 
[< DATA BYTES >] 



Memory Manipulation 

DISPLAY [< STARTING 
ADDRESS>[<n>]] 

SET < ADDRESS > 

<LENGTH> 

[< DATA BYTES >] 

FILL < STARTING 
ADDRESS > 

< LENGTH > 

[< DATA BYTES >] 

MOVE < SOURCE 
ADDRESS > 

< DESTINATION 
ADDRESS>[<n>] 



Allows examination and modifica- 
tion of the Z8 internal registers. 

Displays contents of the current 16 
working registers. 

Stores the seguence of DATA 
BYTES into User MCU registers 
beginning at the STARTING 
REGISTER and continues for the 
NUMBER OF REGISTERS 
specified. 

Allows display and modification of 
user memory contents for n 
number of bytes. 

Allows a seguence of data bytes 
beginning at the ADDRESS speci- 
fied to be written into user 
memory. 

Stores the seguence of DATA 
BYTES into user memory begin- 
ning at the starting ADDRESS and 
continues for the LENGTH 
specified. 

Moves contents of a user memory 
block from a source address to a 
destination address for a length 
of n bytes. 



COMPARE 

< ADDRESS 1> 

<ADDRESS2>[<n>] 

ZAP[< STARTING 
ADDRESS>[<n>]] 



Compares two blocks of user 
memory data, one beginning at 
ADDRESS 1 and the other at 
ADDRESS 2 for n bytes. 

Disassembles and displays code at 
a specified starting address for a 
specified number of bytes. 



File Commands. The file group enables the user to upload 
and download programs to and from the host system. 



LOAD 

< FILE NAME > 



UPLOAD 

< FILE NAME > 

< ADDRESS 1> 

< NUMBER OF BYTES > 
[< ENTRY ADDRESS >] 



Downloads a file to user memory 
starting at the low address of the 
file and continuing until the entire 
file is transferred. 

Creates a RIO file image of user 
memory, beginning at ADDRESS 
1 , creating default length records, 
and imaging memory for the 
specified number of bytes. 



Note: The following notation is used in the command descrip- 
tion. 

< > Enclose descriptive names for the 
guantities to be entered, and are not 
actually entered as part of the 
command. 

[J Denote optional entries in the com- 
mand syntax. 

I Denotes "or." 



1007-001 
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SPECIFICATIONS 

Processor: 

Two 64-pin DIP Z8s 
Pin spacing is 0.070 
Row spacing is 0.75 

CPU Clock Frequency: 

7.37 MHz for Monitor 
8/12 MHz for User 

Memory: 
Monitor Z8 

Scratch Pad BAM 
RAM memory size: IK bytes 
RAM addressing: %2000 to %23FF 
Minimum speed: 300 ns 

EPROM 

Word size: 8 bits 

Memory size: 8K bytes 

Addressing: to %FFF internal 

%1000 to %1FFF external 
Minimum speed: 350 ns 



User Z8 

RAM (EPROM equivalent) 
Word size: 8 bits 
Memory size: 4K bytes 
Addressing: to %FFF (relative to 

User) 

%9000 to %9FFF (relative 

to Monitor) 
Minimum speed: 350 ns 

Baud rate: Programmable to 110, 150, 
300, 600, 1200, 2400, 4800, 
19200 bps 

Emulator cable length: 12 inches max. 



Input/Output: 
Monitor Z8 

Baud rates: Programmable to 110, 150, 
300, 600, 1200, 2400, 4800, 
9600, 19200 bps 

Connector type: Two 25-pin DB-25S 
connectors 

User Z8 

Parallel interface: 32 I/O lines undefined 
Connector type: 40-pin PC edge 
connector 

Dimensions (LxW): 

29.94 cm (11 in.) x 35.56 cm (14'/ 2 in.) 

Power Requirements: 

1.4 A at +5Vdc ±5°/o 

Environmental: 

0to50°C( + 32°to + 122°F) 

Up to 90% humidity without condensation 



Ordering Information is available at 
your local Zilog Sales Office. 

Refer to the Literature List for addi- 
tional documentation. 
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I Z8001/Z8002 CPU Evaluation and 
Debug Support 

I 16K Words Dynamic RAM 
(Expandable to 32K for User Code 
Execution and Debug 

I 32 Programmable I/O Lines 

I EPROM Monitor and Debugger 

I Transparent Operation Allows 
Software Development without 
Disconnection from CRT and Host 
System 

RS-232C Standard Serial Interfaces 
Compatible with Most CRT Ter- 
minals and Development Hosts 

Wire-wrap Area for Prototyping 



OVERVIEW 

The Z8000 Development Module is a 
complete, single-board microcomputer 
that is used as a tool for the evaluation 
and debug of Z8000-based micro- 
processor systems. The Development 
Module is used in the first stages of the 
design and development process, not 
only as a tool for evaluating Z8000 
microprocessor capabilities, but also as 
an environment in which code can be 
executed and debugged. 

Evaluation. The Development Module 
provides a ready-made environment in 
which the user can execute software 
unigue to his Z8000-based application, 



evaluate the CPU's performance, and 
then reach a realistic decision about its 
suitability for a specific application*. 

Software Debug. In addition to use as 
an evaluation tool, the Z8000 Develop- 
ment Module can be used to debug 
and modify user code. For the software 
designer, the Development Module is a 
real Z8000 environment in which he 
can execute code and carry out fairly 
extensive debugging. For the hardware 
designer, the Development Module is 
an example of Z8000 hardware design 
which provides special hooks and wire- 
wrap facilities to strap on additional 
logic. 
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FUNCTIONAL DESCRIPTION 

Z8000 code developed on a software 
host may be downloaded serially to the 
Development Module RAM area via a 
serial port, and executed and debugg- 
ed under EPROM monitor control. 
Once the system is connected, no fur- 
ther disconnection is necessary as the 
module has two serial ports (one con- 
nected to a host and the other con- 
nected to a CRT terminal). A simple 
software command makes the develop- 
ment process transparent in the serial 
path, thereby allowing direct communi- 
cation between the host and terminal. 
The serial RS-232C interfaces allow vir- 
tually any software development host 
and CRT terminal to be used. For 
PROM-based code testing, the devel- 
opment module is self-contained and 
can operate stand-alone with a CRT 
terminal, since the host is only 
required for storage of user code 
on disk. 

A variety of jumper areas and 
switches permit the selection of clock 
rates ranging from 2.5 to 3.9 MHz; the 
use of 2708, 2716, or 2732 EPROMs; 
the use of 4K or 16K RAMS; serial 
interface to modem, terminal, or tele- 
type; I/O port addressing; and baud- 
rate selection from 110 to 19200 baud. 

Hardware. The Z8000 Development 
Module is available in two versions: 
one supports the segmented Z8001 
microprocessor; the other supports the 
non-segmented Z8002 microprocessor. 

Z8001 Development Module. The 
Z8001 Development Module consists of 
a Z8001 CPU, 16K words of dynamic 
RAM (expandable to 32K words), 4K 
words of EPROM monitor (user- 
expandable to 8K words), a Z80A SIO 
providing dual serial ports, a Z80A 
CTC peripheral chip providing four 
counter/timer channels, two Z80A PIO 
devices providing 32 programmable 
I/O lines, and wire- wrap area for pro- 
totyping hardware. 

Z8002 Development Module. The 
Z8002 Development Module consists of 
a Z8002 CPU, 16K words of dynamic 
RAM (expandable to 24K words), 2K 
words of EPROM monitor (user- 
expandable to 8K words), a Z80A SIO 
device providing dual serial ports, a 
Z80A CTC peripheral device providing 
four counter/timer channels, two Z80A 
PIO devices providing 32 program- 
mable I/O lines, and wire- wrap area 
for prototyping. 
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Figure 1. Monitor Block Diagram 



Software. The monitor software 
(Figure 1) contained in EPROM (4K 
words for the Z8001 and 2K words for 
the Z8002) provides debugging com- 
mands, I/O control and host interface. 
It consists of a terminal handler, com- 
mand interpreter, debugger and 
upload/download handler. 

Terminal Handler. A Terminal Handler 
provides interface to the console 
device to facilitate output to a display 
or printing mechanism and input from 
a standard ASCII keyboard. 

Debugger. The Debugger provides a 
basic set of debug commands to allow 
the user to start and stop program exe- 
cution, display and alter CPU 
registers, flags or memory, and trap 
instruction sequences. 

Command Interpreter. The Command 
Interpreter scans console inputs, 



ensures command validity and passes 
them to other software modules in the 
monitor. 

Upload/Download Handler. The 
Upload/Download Handler provides an 
interface between the serial connection 
and the host computer, the command 
interpreter and the memory resources 
of the Z8002 Development Module. It 
formats and interprets asynchronous 
data streams to and from the host and 
provides error checking and recovery 
for the serial interface (see Figure 2). 

Memory Organization. Tables 1 and 2 
show the memory maps for the two ver- 
sions of the Development Module. The 
organization of ROM and RAM in both 
the segmented and nonsegmented 
modes is indicated. 
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Figure 2. Serial Data Format 
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Address (Hex) 


Memory 


0000 
OFFF 


Monitor 
EPROM 


1000 
3FFF 


User EPROM 
(User Installed) 


4000 
BFFF 


Standard 
RAM 


COOO 
FFFF 


Expansion RAM 
(User Installed) 



Table 1. Z8002 Development Module Memory Map 





Segment 


Segment 1 


Address (Hex) 


Memory 


Address (Hex) Memory 


0000 
1FFF 




Monitor 
EPROM 


0000 Expansion RAM 
3FFF (User Installed) 


2000 
3FFFF 




User EPROM 
(User Installed) 


4000 Unused 
FFFF 


4000 
49FF 




Monitor RAM 
(Scratchpad Area) 




4A00 
BFFF 




Standard RAM 




COOO 
FFFF 




Expansion RAM 
(User Installed) 





Table 2. Z8001 Development Module Memory Map 



MONITOR COMMAND SUMMARY 

The following notation is used in the 
command description: 

< > Enclose descriptive names for the 

quantities to be entered, and are 
not actually entered as part of the 
command. 

[] Denote optional entries in the com- 
mand syntax. 

| Denotes "OR", eg. W|B denotes that 

either W or B may be used but not 
simultaneously. 

< Prompt sign for the nonsegmented 
Z8002 monitor. 

[ Prompt sign for the segmented 
Z8001 monitor. 

The following commands apply when 
the Z8001 monitor is used. All com- 
mands listed remain the same except 
those that permit reference to seg- 
mented addresses as follows: 

< address > = 

[ < segment number > ] < offset 
address > 

< segment number > = 
u < " < hex number in 

7-bit range>">" 



BREAK < address > 
[<n>] 



COMPARE 

< address 1 > 

< address 2 > < n > 



DISPLAY < address > 
<n>[L|W|B] 



FILL < address 1> 

< address 2> <word> 



Sets and clears a breakpoint at a 
given memory address. The option 
< n > allows specification of the 
number of occurrences, where n is 
from 1 to 128. The default is one. 

Compares two blocks of memory 
data beginning with the addresses 
specified for <n> bytes, where n 
is from 1 to 128. Errors are 
reported on the console device. 

Displays and modifies memory for 
<n> number of words or bytes. 
The optional entry allows data to 
be handled as bytes, words, or 
long words. The default is words. 

Stores the <word> from memory 
address 1 to and including 
address 2. 



GO 



IOPORT< address > 
[W|B] 



JUMP < address > 



MOVE < address 1> 
< address 2 >< n > 



NEXT[<n>] 



PUNCH < address 1> 
< address 2 > 



QUIT 



REGISTER 

[ < register name > ] 



TAPE 



Begins program execution at the 
address contained in the current 
PC; execution is resumed where it 
was last interrupted. All registers 
are restored prior to execution. 

Allows direct communications from 
the console to a selected I/O port. 
A word (W) or a byte (B) may be 
read from the selected port and a 
word or byte may be sent to the 
selected port; default is byte. 

Unconditional branch to the speci- 
fied address. All registers are 
restored prior to execution. 

Moves contents of a memory block 
from source address < address 1 > 
to destination address 
< address 2 > for <n> bytes. 

Executes the next < n > machine 
instructions. <n> may be from 
1 to 128. If n is omitted, 1 is 
assumed. 

Punches a copy of memory from 
address 1 to address 2 on paper 
tape on the console device. Auto- 
matically turns on punch and a 
null leader is created. 
Upload/Download section 
describes the tape format used. 

Places serial channels into trans- 
parent mode. The Z8000 Develop- 
ment Module must be connected to 
both the Zilog host and the console 
device, and the Development 
Module acts as a message 
switcher. 

Allows examination and modifica- 
tion of Z8000 registers. 8-bit, 16-bit 
or 32-bit quantities may be 
selected by the appropriate 
register-naming conventions. 

Loads memory from paper tape via 
the console device. The 
Upload/Download section 
describes the tape format used. 
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SPECIFICATIONS 

Microprocessor 

Z8001 or Z8002 CPU 

Clock Rate: 2.5 MHZ or 3.9 MHz 

Memory 

ROM: 2K or 4K Words (Expandable 

to 8K Words) 
RAM: 16K Words (Expandable 

to 32K Words) 



Input/Output 

Parallel: 32 Lines (Two Z80A-PIOs) 
Serial: Dual RS-232C or RS-232C and 
Current Loop (Z80A-SIO) 

Note 

The user has access to all bus signals to allow 
custom system expansion into the wire-wrap area 
off -board. 

Interrupts 

Maskable Vectored (256), Maskable 
Non-vectored, Non-maskable, 
Segmentation Trap 



Power 




+5 v, : 


3A 


+ 12V, 


1 A 


-12 V, ( 


3.2 A 


Physical 




Height 


1.75 in. (4.5 cm) Inclusive of 




Standoffs 


Width 


14.0 in. (35.6 cm) 


Depth 


11.0 in. (27.9 cm) 


Weight 


Approx. 30 oz. (850 gm) 



Ordering Information is available at 
your local Zilog Sales Office. 

Refer to the Literature List for addi- 
tional documentation. 
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FEATURES 

■ Development Module (DM) for 
Zilog 's Universal Peripheral Con- 
troller (UPC). 

■ Emulates four versions of the 
UPC: Z8090, Z8094, Z8590, and 
Z8594. 



Connects to the host and terminal 
via standard RS-232-C interface. 

Emulates Z-BUS and non-Z-BUS 
UPCs with either masked ROM 
or protopack with RAM/EPROM. 



Single-step trace capability. 

Monitor software allows file up- 
load and download, register and 
memory manipulation. 



es 

s 



OVERVIEW 



The Z-UPC is a simple and cost- 
effective development tool that emu- 
lates four versions of Zilog 's 
Universal Peripheral Controller 
(UPC). As a Development Module, 
the Z-UPC is an ideal tool for system 
development from design through 
manufacturing. 



Both Z-Bus compatible and non-Z- 
BUS compatible types of UPC are 
emulated by the Z-UPC. The Z-BUS 
compatible Z-UPCs that are emu- 
lated are the Z8090 and Z8094. The 
non-Z-BUS compatible UPCs that 
are emulated are the Z8590 and the 
Z8594. Connection with the host 



and a terminal is accomplished via 
two RS-232-C interfaces. 

By supporting eight popular terminal 
types and a wide variety of hosts, 
the Z-UPC is easily integrated into 
most operating environments. 
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FUNCTIONAL 
DESCRIPTION 



The Z-UPC is physically located 
between the host system and the 
user's terminal, connected via the 
RS-232-C interface. The target cable 
connects directly to the front for 
safety and convenience. The Z-UPC 
can operate in stand-alone mode for 
simple debugging operations, or it 
can be placed in transparent mode 
to allow software development with 
the host. 

Hardware 

The Z-UPC contains both a Z8 MCU 
and a UPC. The Z8 MCU controls 
monitor functioning, including opera- 
tional commands and debug soft- 
ware. The UPC itself features a 
256-byte register file including three 
I/O port registers, 234 general- 
purpose registers, and 1 9 control, 
status, and special I/O registers. 



Twenty-four pins can be dedicated 
to I/O functions. These pins are 
grouped logically into three eight- 
line ports, which can be configured 
in various combinations as input or 
output, with or without handshake, 
and with push-pull or open-drain 
outputs. 

Software 

The monitor/debug program resides 
in 4096 bytes of PROM and contains 
debug, I/O, control, and host inter- 
face commands. This software is 
divided into four functional groups: 

■ Monitor commands control the 
Z8 MCU to monitor interrupts 
and transfer control from the 
monitor to the host system. 



■ Debug commands allow tracing 
and jumps to user-specified 
PROM locations. 

■ Manipulation commands permit 
display and alteration of registers 
and memory. 

■ File commands enable the user 
to upload and download to and 
from the host system. 

ORDERING INFORMATION 

Z-UPC DM (05-0207-00) 

Refer to the Literature List for addi- 
tional documentation. 




TARGET BOARD 



Figure 1 . Stand-Alone Development System 



964 



2322-001 00-2322-02 



EMS 8000 
Emulator 



Zilog 



Product 
Description 



April 1985 



FEATURES 

■ Snapshot feature permits partitioning of a large real- 
time trace module into many small trace memories. 

■ Up to 126K bytes of high-speed, static, mappable 
memory can be accessed by the target system. 

■ Pulse output feature permits use of a high-end logic 
analyzer. 

■ Network debugging is supported. 

■ Full access to the target microprocessor's registers, 
memory, and I/O space is permitted. 

■ Transparent mode allows the same terminal to be 
used for host and EMS user interface. 

■ Emulates Z8001/3 or Z8002 CPUs at 6 MHz clock 
rates. 



Complex triggering. 

Large real-time trace buffer. 

Large mappable memory space. 

Real-time partitionable trace module for multiple re- 
cordings of program execution. 

Three parallel event comparators which can be 
allocated for trigger, trace, breakpoint recognition, 
and enable/disable functions. 

General-Purpose counter for benchmarking critical 
software routines. 



8 




Figure 1 . EMS 8000 Emulator 
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GENERAL DESCRIPTION 



The Emulator System 8000 (EMS), shown in self-test con- 
figuration in Figure 1, is a state-of-the-art in-circuit sub- 
system. The EMS supports the software/hardware 
engineer in developing products using the Zilog Z8000 
family of microprocessors and peripheral components. 
Combined with Zilog's enhanced UNIX System (ZEUS), 
EMS 8000 provides the designer with a complete and 
powerful set of tools for speeding up the product 
development cycle. 

The EMS links the application software developed on a 
host system and the target system, and aids in the in- 
tegration of the software into the target system by ex- 
ecuting in a real-time environment. The EMS uses the full 
capability of the target microprocessor and can start or 
stop program execution or perform single-step execu- 
tion. The user has full access to the target micro- 
processor's registers, memory, and I/O space. 



The EMS is modular in design with a friendly, screen- 
oriented, self-prompting user interface. High perfor- 
mance is gained with a 1024 entry, real-time trace that is 
qualifiable and triggerable, and can be enabled with 
multilevel event recognition. Also, newly developed pro- 
grams can be loaded into the development (target) hard- 
ware and executed in a real-time environment. The EMS 
can be networked into eight distinct Z8000 microproc- 
essors that start and stop simultaneously. 

Individual emulator systems can be defined as being 
either in or out of a break group. Systems which are out- 
side of a break group can function as independent 
emulators with all of the EMS 8000 capabilities and full 
use of host resources. Systems which are in the break 
group are used to debug multiple processor systems. 



SCREENS 



The EMS is an interactive operating system that provides 
self-prompting commands and a set of powerful tools for 
complex debugging. The EMS command entry is organ- 
ized into a set of pages called screens. Each screen is 
dedicated to a particular function and contains the com- 
mands and data fields necessary to accomplish specific 
functions. The screens are designed to fit on a standard 
display terminal, 80 columns wide by 24 lines long. 



The user communicates with EMS through five com- 
mand (menu-driven) screens and two support screens. 
The command screens are entered by typing the first let- 
ter of the screen name (e.g., A for allocation). Screens 
can be changed by sequentially typing <TAB> and the 
first letter of the screen name. Table 1 explains the 
screens and their functions. 



Table 1. EMS Screen Descriptions 



Screen 



Function 



Command (Menu-Driven) Screens 

Assigns EMS resources to specific tasks such as tracing and breakpoints. 

Allows various hardware controls to configure global features of EMS. 

Allows entry of recognized patterns. 

Substitutes EMS mappable memory for target memory. 

Examines and edits memory/registers, I/O, displays trace results, begins emulation, sets 
software breakpoints, turns watch area on and off, uploads and downloads files to and 
from the host computer, single/multiple steps through program execution. 

Support Screens 

Lists global command controls and helpful reminders not listed in the above menu 
screens. It can be displayed on all other screens by typing a <?>. 

This is the intermediate step between two command screens and is entered by typing a 



Allocation 

Configuration 

Pattern 

Mapping 

Debug 



Help 
Change 



<tab>. 
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HARDWARE DESCRIPTION 



The EMS is a full-featured emulation peripheral. The 
heart of the EMS is a Central Controller Unit (CCU) with a 
4 MHz Z80, 256K of dynamic memory, and 16K of ROM. 
The CCU contains the monitor program that provides a 
screen-oriented user interface, and operates con- 
tinuously to allow the user to monitor the progress of 
emulation and breakpoints in real-time. The other EMS 
modules include a two-board Trigger module, a real-time 
Trace module, an External Probe interface module, a 
Mappable Memory module, and a microprocessor Per- 
sonality module with a CPU Pod (Figure 2). 

Figure 3 shows a fully configured EMS system with the 
following units: 

■ EMS 8000 

■ CPU Pod/cable assembly. The CPU Pod contains the 
processor chip to be emulated plus the required inter- 
face circuitry. Pods are available for the Z8001/3 and 
Z8002. 

■ 64K mappable memory (standard). 

62K mappable memory addition (optional). 

■ Host computer and user CRT terminal (required). 

■ External probes (optional). 

■ Target (the system being emulated). 



The EMS uses dual-processor architecture to unburden 
the emulating processor from the configuration chores 
of the emulation system. (The Z80 CPU is used for EMS 
configuration and monitor functions and the Z8000 CPU 
for actual emulation.) This independence allows for im- 
proved debugging when unreliable target operation 



A 10 MHz Z8000 CPU is used to emulate the 6 MHz 
maximum clock rate of the EMS to compensate for tim- 
ing delays caused by buffering. The buffering provides 
better emulation control in problem targets and allows 
mappable memory to override existing target memory. 
Fast (90 ns) mapped memory allows emulation at 6 MHz 
with no Wait states. (Wait states can be forced if desired 
for compatibility with target memory.) Multilevel pattern 
recognition resources can be allocated in complex se- 
quential, logical, and enable/disable combinations to the 
functions of trace qualifying and triggering, event coun- 
ting, and timer modes. The counter/timer modes support 
a long count of 48 bits (40 when time is displayed in 
microseconds). This ensures adequate count capability 
for analysis of human-related events in real time. 
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Figure 2. EMS 8000 System Block Diagram 
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SOFTWARE DESCRIPTION 



The EMS can use ZEUS (UNIX) when the System 8000 is 
the host computer. This total system provides a complex 
hierarchical file structure that includes C, a Z8000 
assembler, a compiler writing system, and a general- 
purpose microprocessor. Because the EMS interfaces with 
Zilog computer systems, the user has access to powerful 
development tools for speeding up the product 
development cycle. Software downloads to the ZEUS UNIX 
operating system. 

EMS software is friendly and easy to use. The menu prompt 
for each EMS screen reminds the user about the type of data 
that is available or the options that are permitted. Error 
checking prevents the user from entering illegal states and 
allows graceful recovery from emulation target problems 
(e.g., bad clock or power failure). Global command keys 
allow the user to control the starting and stopping of 
emulation, execution of command scripts, and entering 
Transparent mode independently of the command screens. 
A Help screen, which summarizes global commands and 
command entry, is available to help the user gain familiarity 
with EMS. 



The EMS operating system is downloaded from a host 
computer, allowing easy implementation of future upgrades 
to improve its effectiveness and applicability. The hosts that 
can be configured with the EMS are: 

■ Zilog System 8000 

■ VaxUNIX 

■ PDP11 UNIX 

The terminals that can be configured with EMS 8000 are: 

■ ADM 31 

■ CITOH 

■ Televideo920 

■ VT100 

■ VTZ2/10 



TERMINAL 

(ADM 31, CITOH, 

Televideo 920, VT 100, 

VTZ 2/10) 



HOST 

(PDP 11 UNIX, VaxUNIX, 
Zilog System 8000) 




Figure 3. EMS 8000 System Configuration 



Ordering Information is available at your local Zilog Sales 
Office. 

Refer to the Literature List for additional documentation. 
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Provides real-time emulation 
capability for the family of Z8 
Microcomputers. 

Operates with Zilog systems 
and other hosts; Z-SCAN 8 
uses standard RS-232 links and 
is compatible with many stan- 
dard CRTs and software hosts. 
This includes Zilog's S8000 
systems, and others with user- 







supplied load/save routines and 
cross-software support. 

Hardware/software debugging 
is fast and convenient. Two 
screens display the status of 
the Z-SCAN 8 monitor and Z8 
target resources. Target mem- 
ory can be displayed and mod- 
ified in a scrollable window. 






Fulfills the user's essential 
real-time debugging needs with 
its real-time trace, two com- 
plex breakpoints, single-step 
capability, and four blocks of 
mappable memory. 

Interactive and easy to use. 
Commands are selected from 
menus; command arguments 
are self-prompting. 




OVERVIEW 

The Z-SCAN 8 Emulator is a com- 
bination of hardware and software 
that allows efficient, interactive 
emulation of the Z8 Microcom- 
puter. By the simple exchange of 
target devices, the selected Z8 
MCU can be emulated in a realistic 
mode that allows user inspection 
and control over the environment 



being tested. Real-time trace, two 
breakpoints, single-step capability, 
and extensive mappable memory 
ensure the user a tool that ac- 
curately simulates the anticipated 
Z8 operating environment. 

Z-SCAN 8 is an in-circuit emulator 
designed specifically for Zilog's 



Z8601 (2K), Z861 1 (4K), and 
Z8681/82 (ROMIess) Microcom- 
puters. Z-SCAN 8 works with 
Zilog's family of development 
hosts, interfacing via two RS-232 
serial ports to the host and a CRT 
terminal. A list of compatible CRT 
terminals is provided in Table 1 . 
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Table 1. Terminals Supported by the 
Z-SCAN 8 Monitor 



Table 2. Recommended Sources for Cross-Software 



Manufacturer 



Model 



Source 



Description 



Lear Siegler 


ADM31 


Televideo 


TVI 912 
TVI 920 


Zentec 


Zephyr 


Soroc 


IQ 120 
IQ 135 


Beehive 


Bee 100 
Bee 107 
Micro-B 1 


DEC (any) 


VT52 

VT100 

ANSI A3.64 or 

ISO DP 6429 

compatible 


General Terminals, 
Inc. 


I-200 
I-400 


Hazeltine 


1420 
1500 
Exec 80 


Hewlett Packard 


2620 
2640 


IBM 


3101 



Zllog 

1315 Dell Avenue 
Campbell, CA 95008 
(408) 370-8000 

Third Party 

Allen Ashley 

395 Sierra Madre Villa 

Pasadena, CA 91107 

(213)793-5748 

Avocet Systems, Inc. 
804 South State St. 
Dover, DE 19901 
(302)734-0151 

Microtec 

P.O. Box 60337 

Sunnyvale, CA 94088 

(408)733-2919 

Relational Memory 
Systems, Inc. 
P.O. Box 6719 
San Jose, CA 95150 



System 8000*. Cross-assembler for Z8 and 
Z8-UPC microcomputers. 



ASMB-Z8*. Cross-assembler; operates with any 
standard CP/M-based system. 
System-Z8*. Cross-assembler; includes ASMB- 
Z8 and text editor, operates with any standard 
CP/M-Z80-based system. 

Z8 Cross-assembler (XASMZ8); operates with 
CP/M-80, CP/M-86, and MDOS. 



ASM Z8. Cross-assembler; operates with any 
general-purpose mainframe (DEC, IBM, DG, 
etc.) in FORTRAN. 

ASM Z8*. Relocatable macro cross-assembler; 
operates with Intel Intellec 800 and Series II 
microcomputer development systems. 



•These include the upload and download software for communicating. 



Because it uses a standard serial 
interface, Z-SCAN 8 can also be 
used with virtually any software 
host system that runs a cross- 
assembler or cross-compiler 
capable of generating Z8 code (see 
Table 2). This means software can 
be developed on many general- 



purpose computers. Only a simple 
upload and download utility is 
needed for operation since com- 
munication between the host 
system and Z-SCAN 8 is through a 
standard serial port using Tektronix 
hex format. Once software has 
been downloaded into the target, 



Z-SCAN 8 can be disconnected 
from the host and operated stand 
alone. Transparent operation 
allows the terminal to be used with 
the host in such a way that 
Z-SCAN 8 effectively disappears 
from the terminal-to-host link, 
without any physical re-cabling. 



FUNCTIONAL 
DESCRIPTION 



The Z-SCAN 8 emulator is a com- 
pact, portable device that can be 
used in a wide variety of functional 
configurations and applications. It 
has been designed to ease debug- 
ging of both hardware and soft- 
ware, to integrate hardware and 
software in Z8-based systems, and 
to provide the user with a powerful 
and versatile tool for the develop- 
ment of new systems and new ap- 
plications for old systems. 



The Z-SCAN 8 can be substituted 
for a Z8 microprocessor in any of 
its configurations or operational 
modes and can perform all the 
functions of the processor. Addi- 
tionally, the Z-SCAN 8 allows the 
user to 

■ Control any function or opera- 
tion of the processor and its in- 
ternal (and in some cases, ex- 
ternal) hardware. 



■ Inspect and display the condi- 
tion or status of internal 
registers and CPU pins for up 
to 1 ,024 machine cycles 
preceding the breakpoint. 

■ Execute a program or any 
number of instructions in single 
step mode. 

■ Substitute up to 8K bytes of 
RAM for external program or 
data memory. 
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Figure 1. Z-SCAN 8 System Block Diagram 



User Interface, Z-SCAN 8 Com- 
mand Screens 

All communication between the 
user and Z-SCAN 8 takes place 
through the terminal. The format 
consists of two selectable screen 
menus: the Configuration menu 
and the Debug menu. The operator 
can manipulate each of these 
primary menus to enable variations 
for which the user can select a 
particular set of conditions, such 
as parameters and other variables, 
for user control during emulation. 

Z-SCAN 8 executes two types of 
commands: screen commands and 
manipulation commands. The latter 
are used to control the display on 
the monitor and are normally exe- 
cuted by a control character or an 
arrow key. Screen commands are 
those used to define and control 
the conditions of an emulation. 

The Configuration Screen 

The Configuration screen is pri- 
marily used to inform the Z-SCAN 
8 of certain default values to be 



used for a specific emulation. It is 
comprised of five submenus: 

■ Host 

■ Load 

■ Save 

■ Map 

■ Target 

These submenus allow the user to 

■ Set the host serial-link baud 
rate. 

■ Connect the user directly to 
the host system, in effect, mak- 
ing the Z-SCAN 8 transparent. 

■ Download programs or data 
from a host file. 

■ Allocate mappable memory in 
the Z-SCAN 8. 

■ Inform the Z-SCAN 8 of target 
configuration. 



In practice, the Configuration 
screen is seldom changed after ini- 
tial setup until some other type of 
test or exercise is contemplated. 

The Debug Screen 

Because it controls those condi- 
tions most often changed, the 
Debug screen is the screen most 
frequently entered during a series 
of tests or emulations. The Debug 
screen is comprised of five 
submenus: 

■ Watch 

■ Memory 

■ Break 

■ Xecute 

■ Display 

The Watch command allows the 
user to designate up to twelve 
16-byte lines of memory for 
display. This display is automat- 
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Figure 2. Bit Significance, Trace Memory Word 



ically updated to show any change 
occurring in the section of memory 
specified. 

The Memory command is used to 
compare two blocks of memory, fill 
a block of memory with a hexa- 
decimal string, or move a block of 
memory to another range of ad- 
dresses. 

The Break command is used to 
define two complex breakpoints, 
which operate independently. 

The Display command allows the 
user to specify what portion or 
range of program, data, or register 
memory is to be displayed on the 
screen. 



Breakpoints 

Two complex breakpoints are 
available in the Z-SCAN 8. Each 
breakpoint can be programmed in- 
dependently to stop all processor 
activity at some arbitrarily selected 
point and save the state of the 
system in the trace memory for 
later analysis. The breakpoints may 
specify a stop on address, on data, 
or on a status such as an interrupt 
acknowledge. Or the breakpoint 
may specify that a pulse be 
generated and sent to the BNC 
connector at the back of the 
machine rather than stopping the 
emulation. 



Trace Memory 

The trace memory of the Z-SCAN 8 
consists of a 48-bit by 1 K block of 
RAM that can be used by the 
operator to record the condition 
and status of certain elements of 
the processor's environment for up 
to 1 ,024 machine cycles. The trace 
memory can then be displayed and 
the display used to analyze an en- 
tire series of steps in a routine. 
The bit significance of the 48-bit 
trace memory word is shown in 
Figure 2. 

Mappable Memory 

Mappable memory in the Z-SCAN 8 
consists of four 2K blocks of high- 
speed static RAM. Each of the 
blocks can be assigned in- 
dependently to replace a section or 
block of the target system's 
memory. The block can be as- 
signed anywhere in the Z8's 
memory space and can be 
specified to respond to program or 
data memory or both. Mapping 
must be done on 2K word bound- 
aries only, and the entire block can 
be write-protected. When a break 
results from a write-protect viola- 
tion, an error message appears on 
the CRT. 



INTERFACE TO NON- 
ZILOG HOSTS 

Load/save communication between 
a Zilog (or other) host system and 
the Z-SCAN 8 monitor is ac- 
complished by exchanging 
messages containing printable 
ASCII characters. Message types 
are: 

■ Single-character, data-block 
acknowledgment 



■ Error text 

■ Data block 

All messages exchanged during a 
Load or Save command are text 
lines, each ending in RETURN (car- 
riage return). Memory and other 



data are converted into hexa- 
decimal numerals for transmission, 
and the resultant message is 
readable left-to-right, high-order 
digit first, as it is transmitted over 
the RS-232 link. 
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Z-SCAN 8 SPECIFICATIONS 



Processor 

40-pin, 2K and 4K Z8 CPU 
Emulation Frequency: 

Up to 12 MHz 
I/O: 

Two RS-232-C serial ports for ter- 
minal and host 
CRT Terminal: 

Any standard CRT system, including 

Zilog's S8000 systems. 
Baud Rate: 
Terminal: 

9600 
Host: 

Determined by user selection from 

300 to 38,000 



Mappable Memory: 

8K high-speed, static RAM assign- 
able in 2K blocks 

Breakpoints: 
Two comples breakpoints; breakable 
on data, address, or interrupt 
acknowledge 

Emulator Cable: 
24 inches 

Front Panel: 
TARGET RESET and MONITOR RE- 
SET switches, POWER ON indicator, 
40-pin connector type. 

Rear Panel: 
BNC connector for pulse output, 
standard LS-TTL level 2 x 25 pin con- 
nectors, 3M type 3483 (terminal and 



host), 3-pin power connector, 
1 Va in., fuseholder (screwdriver re- 
lease type), POWER ON switch 
rocker type), 115/220 voltage selec- 
tion switch (sliding type) 

Power: 
180-264 volts ac or 90-130 volts ac, 
switch selectable; 47-63 Hz; 2 amp 
maximum 

Dimensions: 
4 inches x 17.5 inches x 14.5 inches 
(HWD); 10.2 centimeters x 44.5 cen- 
timeters x 36.8 centimeters 

Environment: 
10°C to 50 °C (operating) 

Unit Weight: 
25 pounds 



Ordering Information is available at 
your local Zilog Sales Office. 

Refer to the Literature List for addi- 
tional documentation. 
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FEATURES 

■ Real-time emulation for the Z80 microprocessor 

■ Two complex breakpoints 

■ 4K x 32 bits of real-time trace 

■ 32 1 K-byte blocks of mappable memory 

■ Disassembly from trace and user memory 

■ Screen-oriented, user-friendly software 



Line assembler 

Standard RS-232-C links; compatible with standard 
CRTs and software development systems (hosts) 

Can be used stand-alone or in combination with virtually 
any host computer 

Transparent operation for direct communication between 
CRT and host computer 
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OVERVIEW 

The Z-SCAN 80 Emulator combines hardware and software 
to provide efficient, interactive emulation of the Z80 CPU 
Running at up to 8 MHz, the Z-SCAN 80 Emulator closely 
matches the Z80H chip in high-speed operations and 
efficiency. This screen-oriented development system is 
designed to give even a first-time user an easy-to-use 
window into the target system. 

Based on the Z8001 ™ CPU, the emulator interfaces via two 
RS-232-C serial ports to the host computer and CRT 
terminal. This standard interface allows the Z-SCAN 80 
Emulator to be used with virtually any software development 
host system that runs a cross-assembler or crosscompiler 
capable of generating Z80 code. Such hosts include the 
VAX* and Zilog's System 8000™ (running the UNIX** 
operating system). Only a simple upload and download 
utility is needed for operation, since communication 
between the Z-SCAN 80 Emulator and the host is through a 



standard serial port using Tektronix or Intel hex format. A list 
of terminals compatible with the Z-SCAN 80 Emulator is 
shown in Table 1 . 

Table 1 . Terminals Supported by the Z-SCAN 80 Emulator 



Manufacturer 


Model 


Lear Siegler 


ADM31 


Televideo 


920 


Hewlett Packard 


2621 


Digital Equipment 


VT100 


Qume 


102 


Zentec 


1051 
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TheZ-SCAN 80 Emulator is a versatile development system, 
able to perform in a number of scenarios. With Zilog's 
System 8000 or another host, the Z-SCAN 80 Emulator 
becomes a complete hardware and software station for 
developing high-level applications programs. In stand-alone 
mode, the Z-SCAN 80 Emulator is useful in manufacturing 
environments for simple testing and debugging of 
PROM-based target systems. Figure 1 shows the Z-SCAN 
80 Emulator both as a stand-alone system and with a host. 

One accomplishment of the Z-SCAN 80 Emulator is 
transparent operation, which allows the terminal to be used 
with a host in such a way that the Z-SCAN 80 Emulator 
effectively disappears from the terminal-host link, without 
physical recabling. The designer can focus entirely on 
applications program development, while the Z-SCAN 80 
Emulator takes care of communications between CRT, host, 



and target. Once software has been downloaded into the 
target, the emulator can be disconnected from the host and 
operated stand-alone. With the use of mappable memory, 
the designer can develop programs without a target system. 

Software for the Z-SCAN 80 Emulator is user-friendly and 
screen-oriented; a first-time user can easily learn the 
Z-SCAN 80 Emulator in a few hours by working with the 
terminal display. The user can manipulate the screen to 
display any combination of target resources, for configuring 
mappable memory and for debugging and program 
development tasks. Memory and registers can be changed 
via the terminal screen. Real-time trace, two sophisticated 
hardware breakpoints, single-step capability, and a large 
mappable memory complete the toolbox necessary to 
construct the Z80 operating environment. 
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Figure 1 . Z-SCAN 80 Emulator Environment 
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HARDWARE DESCRIPTION 



The Z-SCAN 80 Emulator is made up of two boards of 
hardware and firmware components that provide emulation 
oftheZ80 CPU and monitoring of the development process. 
A Z80H chip, running at up to 8 MHz, is contained in a pod 
located near the target on the emulator cable. This 
arrangement shortens the time delay that would result if the 
Z80H device were located inside the Z-SCAN 80 Emulator, 
and ensures real-time emulation of the Z80 CPU. 

Figure 2 shows a block diagram of the Z-SCAN 80 Emulator 
system. 

Mappable Memory 

Thirty-two 1 K-byte blocks of high-speed static RAM allow 
the Z-SCAN 80 Emulator to emulate a portion of the target 
memory space. Any block can be mapped on any 1 K-byte 
boundary of the physical address space; each block can be 
individually protected against writes during target 
execution. 



Mappable memory can be configured as a surrogate for 
target memory, or as an addition to existing memory in the 
target system. 

Trace Memory 

A 4K x 32-bit block of RAM is provided to trace address, 
data, and control signals. Up to 4096 trace cycles can be 
handled by the trace facility. 

Hardware Breakpoints 

Two sophisticated breakpoints are provided, each with a 
pass count of 1 to 255, for detection of address, data, and 
control signal states. The breakpoints allow for a break in 
program execution on any combination of program 
conditions. 
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Figure 2. Z-SCAN 80 Emulator System Block Diagram 



SOFTWARE DESCRIPTION 



Host-resident software for the Z-SCAN 80 Emulator consists 
of load and send routines for upload and download 
between the host computer and the Z-SCAN 80 Emulator, 
and the corresponding Z-SCAN firmware routines. 

The load and send modules perform upload and download 
using Tektronix (Tek) hex or Intel hex. Print and Do 
commands use ASCII format. Table 2 shows upload and 
download protocols for the various operating systems. 

The monitor software provides an interface between the 
emulator hardware, the host load and send programs, and 



the user. Most of the software is dedicated to the user 
interface, i.e., the screens and commands. 

Table 2. Upload/Download Protocols 



Host Operating System 



Protocol 



VAX, UNIX III 


Tek Hex 


S8000, ZEUS 


Tek Hex 


CP/M 


Intel or Tek Hex 


Intel MDS, Intellec 


Intel Hex 
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The main functions of the Z-SCAN 80 Emulator software are 
as follows: 

■ Accepts commands to initiate upload and download 
between host and target 

■ Displays and edits target registers, ports, and memory 

■ Starts, single-steps and halts target system execution 

■ Substitutes Z-SCAN mappable memory for target 
memory 

■ Displays trace memory 



Allows Z-SCAN terminal to be used as host terminal 
(transparent mode) 

Selects host baud rate 

Block memory moves, compares, and fills on target 
memory 

Tailors screen configuration to desired display (e.g. 
simultaneous display of specific registers and ports) 

Self-tests hardware 



Z-SCAN SCREENS 

The Z-SCAN screens give the user access to a constant flow 
of debugging and program development information. A 
Z-SCAN screen consists of a command window, up to five 
roll windows, and a scroll window. 

Command Window 

The Z-SCAN command window (the first three lines), is 
manipulated by the user with a set of commands and 
subcommands to perform debugging tasks. It is used for 
the following functions: 

■ Menu— displays menu of commands 

■ Command history— displays the last two commands 
executed 

■ Status— displays status information on target emulation 
and the last Load and Save commands 

■ Subcommand input (interactive editor commands)— 
displays subcommands 

Table 3 summarizes the Z-SCAN 80 Emulator commands. 

Roll and Scroll Windows 

Below the command window, the rest of the screen is 
divided between roll windows and a scroll window. A roll 
window is used for displaying parameter values (registers, 
breakpoints, etc.) and their labels both immediately before 
and after the most recent emulation. A scroll window 
displays a continuous listing of values and addresses 
specified by the user, for example, target memory 
disassembly. 

The Edit command initiates interactive editing of either a roll 
or scroll window; the Watch and Unwatch commands 
determine which roll or scroll windows appear onscreen. 

Roll windows consist of the following parameters and labels: 

■ Target CPU registers 

■ Watched target memory 

■ Complex breakpoints 

■ Mappable memory 

■ Host protocol options 



Scroll windows consist of the following displays: 

■ Target memory 

■ Disassembled target memory 

■ Traced target cycles 

■ Help descriptions 

Table 3. Z-SCAN 80 Emulator Commands 
Command Action 



Abort 


Re-initialize host link 


Asm 


Assemble instruction and store in memory 


Break 


Set breakpoint 


Check 


Compare hex string against a block of target 




memory 


Compare 


Compare two blocks of target memory 


Do 


Interpret commands from host file 


Edit 


Enter window for interactive editing 


Fill 


Write hex string into block of target memory 


Go 


Start target execution 


Halt 


Stop target execution 


Load 


Load block of target memory from host file 


Map 


Set memory map 


Mem 


Set memory values 


Move 


Move a block of target memory 


Pause 


Conditionally wait for keyboard character to 




continue interpreting commands from 




host file 


Print 


Send screen image to host file 


Read 


Read target I/O port 


Reg 


Set register values 


Reset 


Reset target system 


Save 


Store block of target memory in host file 


Step 


Execute a certain number of instructions 


Test 


Test emulator hardware 


Unwatch 


Unassign window and enlarge adjacent 




display 


Watch 


Assign and display window 


Write 


Write target I/O port 
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Z-SCAN SELF-TEST 



The Z-SCAN 80 Emulator monitor software performs an 
automatic self-test on power-up and reset. It also performs 
confidence and diagnostic tests by user command. The 
automatic self-test operates without disturbing the contents 
of the target memory or registers. The Z-SCAN 80 Emulator 
displays the results of the test via the terminal. 



Systematic confidence tests of the emulator hardware can 
be instituted by the user with the Test command. These tests 
allows the user to distinguish target errors from Z-SCAN 
errors. Diagnostic tests can also be run using command 
scripts downloaded from the host file. 



Z-SCAN 80 SPECIFICATIONS 

PROCESSOR EMULATED: 

Z80, Z80A, Z80B, Z80H 

EMULATION FREQUENCY: 

Up to 8 MHz 

I/O: 

Two RS-232-C serial ports, one each for terminal and host 

CRT TERMINAL: 

Standard terminals listed in Table 1 are supported 

BAUD RATE: 

Terminal: 9600 bits/second 

Host: Determined by user selection from 110 to 19,200 

bits/second 

TRACE MEMORY: 

4K x 32 bits 

MAPPABLE MEMORY: 

32K high-speed static RAM assignable in 1 K-byte blocks 
with individual write protect 

HARDWARE BREAKPOINTS: 

2 complex breakpoints (breakable on address, data, and 
status) 

EMULATOR CABLES: 

One cable from emulator to pod, 48", 40-pin (part number 
59-0278-00) 



One cable from emulator to pod", 48", 50-pin (part number 

59-0279-00) 

One cable from pod to target, approximately 8" (part 

number 59-0277-00) 

FRONT PANEL: 

Power-on indicator and reset switch 
40-pin and 50-pin connectors 

REAR PANEL: 

Power-on switch 

BNC connectors for Break pulse output and input 

Two 25-pin D subminiature connectors 

A 3-pin power connector 

A 1 1/4" fuseholder (screwdriver-release type) 

POWER: 

1 87-264 volts ac at 3 amps maximum— 50 Hz version 
1 05-1 30 volts ac at 3 amps maximum— 60 Hz version 

DIMENSIONS: 

4" x 17.5" x 14.5" (HWD) 
10.2 cm x 44.5 cm x 36.8 cm 

ENVIRONMENT: 

to 40 degrees Centigrade 

UNIT WEIGHT: 

25 pounds 



ORDERING INFORMATION 

DESCRIPTION: 

Z-SCAN 80 Emulator, 1 1 5V (part number 05-6223-00) 
Z-SCAN 80 Emulator, 230V (part number 05-6223-01) 



Ordering Information is available at your local Zilog Sales 
Office. 

Refer to the Literature List for additional documentation. 
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Z-SCAN8000® 
Emulator 
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Provides Real Time Emulation up 
to 4 MHz of the Z8001 and Z8002 
CPUs. 

Two RS-232C Serial Ports Make It 
a Peripheral Usable with Most 
Standard CRTs and Software 
Hosts. 



■ Transparent Operation Permits 
Direct Communication Between 
CRT and Host without Physical 
Disconnect. 

■ Highly Interactive, Screen- 
Oriented User Interface Makes 
Z-SCAN Easy To Use. 



I Shadow Monitor Removes All 
Restrictions on Target System 
Memory Space, Making It Fully 
Available To the User. 

High-Speed Mappable Memory 
(no wait states) Is Available to 
Simulate Target System 
RAM/ROM. 




m 4» m 



OVERVIEW 

The Z-SCAN 8000 Emulator is an in- 
circuit emulator that has been designed 
as a peripheral unit for Zilog's Z8001 
and Z8002 16-bit microprocessors. 
Interfacing via two RS-232C Serial 
ports to host and CRT terminal, 
Z-SCAN 8000 can work with Zilog's 
family of development hosts. 

Because it employs a standard serial 
interface, Z-SCAN 8000 can also be 
used with virtually any software host 
system that runs a cross assembler or 
cross compiler capable of generating 
Z8000 code. Communication between 
the host system and Z-SCAN 8000 is 
with a standard serial format reguiring 



only a simple upload and download 
utility to operate. For PROM-based 
target systems, Z-SCAN can operate 
stand-alone with a CRT terminal 
because the monitor and debug soft- 
ware is EPROM-resident. 

In keeping with Zilog's design 
philosophy of separating a develop- 
ment system into two identifiable units 
(the software host and an emulation 
peripheral), Z-SCAN 8000 fits into 
three scenarios, making it a highly ver- 
satile unit: 

■ As a peripheral to Zilog's PDS 8000, 
ZDS-1, or System 8000, Z-SCAN 
8000 completes the development 



support package for the Z8001 and 
Z8002 microprocessors available 
from Zilog. 

As a peripheral to any development 
host with the capability of compiling 
or assembling Z8000 code, Z-SCAN 
8000 allows a low-cost emulation 
capability which precludes substan- 
tial reinvestment in a software host 
system. 

As a stand-alone m-circuit emulator 
that can operate with most CRT 
terminals, Z-SCAN 8000 provides 
simple testing and debugging 
capability for PROM-based target 
systems. 
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SYSTEM FEATURES 

User Interface. Z-SCAN 8000 incor- 
porates the use of a two-dimensional 
screen-oriented user interface which 
makes it easy to use. Because it is 
general-purpose in nature, the user 
interface does not require a customized 
CRT terminal to operate. The only 
requirements are that the CRT terminal 
have screen erase, line erase, and cur- 
sor addressing capability. 

The objective of the user interface is 
to provide a screen format with a 
menu- like approach, which directs the 
user through the operation of the emu- 
lator. The user is aware at all times of 
where he/she is in the debug process 
because Z-SCAN 8000 provides the 
CRT information about system para- 
meters, system resources, current 
execution, and error messages. When 
the system is turned on, a bootstrap 
routine produces a display informing 
the user of the unit's configuration and 
requesting the user to define set-up 
parameters. A menu of display choices 
shows the user the different capabilities 
of the system: 

■ The Memory/I/O command display 
shows the various memory and I/O 
manipulation commands which 
access the target system. 

■ The Resources display presents the 
user with the full complement of 
arguments applicable to emulation 
of the target system. 

■ The Execution display shows all the 
commands and parameters neces- 
sary to cause emulation to take 
place. 

At all times, execution of specific 
Monitor commands is possible, and 
information on other relevant system 
parameters and resources is always dis- 
played. This highly interactive user 
interface makes it possible to use 
Z-SCAN 8000 without frequent 
reference to the operating manual. 

Shadow Memory. Z-SCAN 8000 is a 
single, CPU-based system that can be 
configured to emulate either the Z8001 
or Z8002 by moving jumpers to select the 
alternate screen monitor, and by chang- 
ing the emulator cable. 

Although the system uses a single 
CPU for both monitor and emulation 
functions, no restrictions are placed on 
the target system memory size. This is 
because the entire monitor resides in 
shadow memory and, therefore, does 
not appear in the target system memory 
space. This feature also provides the 
benefit of making future system expan- 
sion possible without any hardware 
redesign. 
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Figure 1. Hardware Trigger Implementation 



Hardware Trigger. Z-SCAN 8000 
offers the capability of setting break- 
points in three different fields or in a 
combination of these fields. These are 
the Address/Data Field, the Segment 
Field, and the Control/Status Field. A 
Pass Counter can be set up to a max- 
imum of 255 counts to allow multiple 
pass triggering. In addition, Z-SCAN 
8000 may also be set to break on 
instruction fetches only (single-step 
execution), or, by using a Pass 
Counter, may be set up to a maximum 
of 247 counts to allow triggering on 
multiple instruction fetches (multi-step 
execution) . 

With these two capabilities, a break- 
point argument can be set up which is 
on ORed condition allowing for either 
a break-on-field (or combination of 
fields) argument or for "n" instruction 
fetches, whichever occurs first. This 
ORed situation is convenient when 
tracing through a program in search of 
a specific occurrence. A pulse output, 
providing a trigger pulse on break- 
point match condition is available on 
the rear panel to trigger auxiliary test 
instrumentation . 

Mappable Memory. Z-SCAN 8000 
offers a 4K work block of high-speed 
static RAM. This block is available to 
the user to simulate a target system 



memory block which would typically 
be ROM. No Wait states are required 
at 4 MHz. This block is mappable 
anywhere in the Z8001 and Z8002 
address space and can be specified to 
be Normal Code, Normal Data, Normal 
Stack, System Code, System Data, 
System Stack, or Space Independent. 
Mapping must be done on 4K word 
boundaries only, and the entire block 
can be write protected against illegal 
writes to cause system emulation either 
to break on such occurrences or con- 
tinue emulation. An error message 
appears on the CRT display informing 
the user of an illegal write. 

Software Trace. Z-SCAN 8000 offers a 
software trace feature which provides 
insight into target system activity and 
CPU resources. In the Trace Mode, the 
system displays the address of the 
instruction being executed and the 
contents of the CPU registers (both 
general-purpose and control) con- 
secutively, covering one full screen 
format. 

For example, displaying the CPU 
registers associated with every instruc- 
tion executed just prior to executing a 
Break is tremendously useful to the 
user during debug of target system 
activity. 
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SPECIFICATIONS 



CPU 

Z8001 or Z8002 per configuration 

Clock Rate 

500 kHz-4.0 MHz (external) 

I/O 

Two RS-232C Serial Ports for CRT and 
host 

Baud Rate 

Automatically selected from 50 to 19.2K 

Breakpoint 

Address, Data, Segment and Address, 
Control, Address and Control, Data and 
Control, Segment and Address and 
Control, Instruction Fetch, OR combina- 
tion of Instruction Fetch and any Field 
argument 



Mappable Memory 

4096 x 16 Static RAM (no Wait states at 
4 MHz while operating off User clock) 

Inputs 

One standard LS-TTL load plus 30 pF 
maximum 

Outputs 

Capable of driving one standard LS-TTL 
load plus 30 pF preload 

Rear Panel Output 

BNC connector for pulse output, standard 
LS-TTL 



Front Panel 

Target/Monitor, Reset, and NMI toggle 
switches 

Power 

110/220 Vac, 50/60 Hz switch selectable, 
60 VA maximum 

Dimensions 

4 in. (10.2 cm) (H) x 14 1 /a in. (36.8 cm) 
(W) x 18 in. (45.7 cm) (D) 

Emulator Cable 

12 inches 



AC CHARACTERISTICS 



Number 
Symbol 



Parameter 



Z8001/2 
Min(ns) Max(ns) 



Z-SCAN 
Min(ns) Max(ns) 



1 TcC 

2 TwCh 

3 TwCl 

4 TfC 

5 — TrC— 



6 TdC(SNv) 

7 TdC(SNn) 

8 TdC(Bz) 

9 TdC(A) 
10— TdC(Az)— 

11 TdA(DI) 

12 TsDI(C) 

13 TdDS(A) 

14 TdC(DO) 
15— ThDI(DS)— 

16 TdDO(DS) 

17 TdA(MR) 

18 TdC(MR) 
19a TwMRh 
19b-TwMRh 



20 TdMR(A) 

21 TdDO(DSW) 

22 TdMR(DI) 

23 TdC(MR) 

24 — TdC(ASf) 

25 TdA(AS) 

26 TdC(ASr) 

27 TdAS(DI) 

28 TdDS(AS) 
29— TwAS 

30 TdAS(A) 

31 TdAz(DSR) 



Clock Cycle Time 
Clock Width (High) 
Clock Width (Low) 
Clock Fall Time 
- Clock Rise Time 



Clock t to Segment Number Valid (50 pF load) 
Clock t to Segment Number Not Valid 
Clock t to Bus Float 
Clock t to Address Valid 
- Clock t to Address Float 



Address Valid to Data In Required Valid 
Data In to Clock J Setup Time 
DS t to Address Active 
Clock t to_Data Out Valid 
-Data In to DS t Hold Time 



Data Out Valid t o DS t Delay 
Address Valid to MREQ i Delay 
Clock I to MREQ I Delay 
MREQ Width (High) 

- MREQ Width (High) During Monitor Operation - 
MREQ i to Addres_s_Not Active 

Data O ut Valid to DS i (Write) Delay 
MREQ I to Dat a In Required Valid 
Clock I MREQ t Delay 

- Clock t to AS 1 Delay 

Address Valid to AS t Delay 

Clock 1 to AS t Delay 
AS t to Dat a In Required Valid 
DS t to AS 1 Delay 
-AS Width (Low) - 



AS t to Address Not Active Delay 
Address Float to DS (Read) I Delay 



250 
105 
105 



20 



455 
50 
80 



— 0- 

295 

55 

210 



70 

55 

350 



55 

340 

70 

-70- 

60 





2000 

2000 

2000 

20 

— 20- 
130 

65 
100 

— 65- 



100 



80 



-80- 
90 



250 
105 
105 



35 



383 
76 
-4 

--20- 

269 

29 

193 

-184- 

53 

59 

287 



29 

277 

53 

-53- 

43 

-41 



2000 

2000 

2000 

20 

— 20- 

175 

165 

163 

-154- 



163 



143 



134 
-134- 

144 
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AC CHARACTERISTICS 

Number 

Symbol Parameter 



Z8001/2 
Min(ns) Max(ns) 



Z-SCAN 
Min (ns) Max (ns) 



32 


TdAS(DSR) 


AS t to DS (Read) 1 Delay 


70 




53 




33 


TdDSR(DI) 


DS (Read) i to Data In Required Valid 


185 




122 




34 


TdC(DSr) 


Clock 1 to DS t Delay 




70 




65 


35 
36- 


TdDS(DO) 


DS t to Data Out and STATUS Not Valid 


75 




58 




iGA^JJon; 


■ Address valid Lo Uo Ulead; I Delay 


loU 




104 




37 


TdC(DSR) 


Clock t to DS (Read) i Delay 




120 




174 


38 


TwDSR 


DS (Read) Width (Low) 


275 




258 




39 


TdC(DSW) 


Clock J to DS (Write) 1 Delay 




95 




149 


40 
41- 


TwDSW 


DS (Write) Width (Low) 


185 




168 




ldDoi(Dl; 


Do (input) I Lo Data in llequired Valid 


■■■ 320 




266 




42 


TdC(DSf) 


Clock 1 to DS (I/O) i Delay 




120 




174 


43 


TwDS 


DS (I/O) Width (Low) 


410 




393 




44 


TdAS(DSA) 


AS t to DS (Acknowledge) J Delay 


1065 




1048 




45 
46- 


TdC(DSA) 


Clock t to DS (Acknowledge) 1 Delay 




120 




174 


idDoA(Di; 


Do (Acknowledge; \ lo Da La in nequired Delay 


435 




381 




47 


TdC(S) 


Clock t to Status Valid Delay 




110 




162 


48 


TdS(AS) 


Status Valid to AS t Delay 


60 




45 




49 


TsR(C) 


RESET to Clock t Setup Time 


180 




208 




50 
51- 


ThR(C) 


RESET to Clock t Hold Time 







15 




lWJNMl 


JNMl Width (Low; ■ - -- 


- 1UU 




110 




52 


TsNMI(C) 


NMI to Clock t Setup Time 


140 




154 




53 


TsVI(C) 


VI, NVI to Clock I Setup Time 


110 




118 




54 


ThVI(C) 


VI, NVI to Clock t Hold Time 







22 




55 


TsSGT(C) 


SEGT to Clock t Setup Time 


70 




78 




56- 
57 


.. TVi c PTfP^ 


C 17 PIT 4-r. Plortlr t T-TrOr} Timr 




180 




22 

188 




TsMI(C) 


MI to Clock t Setup Time 






58 


ThMI(C) 


MI to Clock t Hold Time 







22 




59 


TdC(MO) 


Clock t to MO Delay 




120 




165 


60 


TsSTP(C) 


STOP to Clock 1 Setup Time 


140 




148 




61- 











22 




iii>JLr{K^) 


biL^r to L/Iock l rioid lime— 




62 


TsWT(C) 


WAIT to Clock i Setup Time 


50 




78 




63 


ThWT(C) 


WAIT to Clock i Hold Time 


10 




25 




64 


TsBRQ(C) 


BUSREQ to Clock t Setup Time 


90 




98 




65 


ThBRQ(C) 


BUSREQ to Clock t Hold Time 


10 




32 




66- 


-TdC(BAKr) — 


— Clock t to BUSACK t Delay 




100 




145 


67 


TdC(BAKf) 


Clock t to BUSACK 1 Delay 




100 




145 



Ordering Information is available at 
your local Zilog Sales Office. 

Refer to the Literature List for addi- 
tional documentation. 
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FEATURES 

■ UNIX operating system with en- 
hancements, including the full 
screen vi editor, record locking, 
andC-ISAM. 

■ 11.1 MHz CPU with 32 KB cache 
memory. 

■ Up to twice the operating speed of 
original System 8000 family 
members. 

■ Software compatibility with com- 
plete System 8000 family. 

■ Up to sixteen users. 

■ Up to two integral 52 MB disks. 

■ Up to 2 MB of memory. 

■ Integral 21 .3 MB cartridge tape 
drive for disk backup. 

■ Optional Intelligent Communica- 
tions Processor which supports 
popular protocols. 

■ Support of multiple industry- 
standard languages. 

OVERVIEW 

The System 8000 Series Two Model 
12 is a high performance, multi-user, 
UNIX supermicro computer system 
designed for today's demanding 
business applications. Up to sixteen 
users— from novices to sophisticated 
programmers— can work on the same 
system with each user simultaneously 
performing a different task. Sharing 
files and transmitting messages is 
easy. 
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Model 1 2 is one of the fastest and 
most efficient members of Zilog's 
System 8000 family, which has en- 
joyed years of trouble-free operation 
by thousands of satisfied users. Pro- 
grams developed on any System 
8000 model can be transferred to, 
and executed by, Model 1 2 and all 
the other models. An extensive selec- 
tion of excellent software tools, serv- 
ice, and support programs 
accompanies the System 8000 family 
of products. 



Configurations 

The UNIX operating system, with 
Zilog and UC Berkeley enhancements 
including the full screen vi editor, 
record locking, and C-ISAM from 
Relational Database Systems, Inc., is 
standard on all System 8000 super- 
micros. 

Memory configurations (RAM) from 
51 2 KB to 2 MB are available. 
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A sealed, 5 1 /4-inch high-performance 
Winchester hard disk provides eco- 
nomical and highly reliable on-line 
data storage. This disk has an excep- 
tionally fast 30msec access time and 
offers 52 MB of total storage space. A 
second disk can be added, making 
available 1 04 MB of storage. 

A cartridge tape drive, which stores 
up to 21 .3 MB, is used for disk 
backup. These cartridges provide 
virtually unlimited offline storage of 
data. 

Up to eighteen serial ports and two 
parallel ports are available. These 
ports are used to connect the system 
with input/output devices such 
as CRT terminals, printers, and com- 
munication modems. Up to sixteen 
users are supported by the system. 
Communications protocols such as 
IBM 2780/3780 bisync and X.25 can 
be implemented with the optional 
Intelligent Communications Processor 
(ICP 8/02) board. 



System Architecture 

Model 12 uses field-proven, state-of- 
the-art VLSI components. Foremost 
among them are Zilog's 11.1 MHz 
Z8001 1 6-bit High-Performance CPU 
(HPCPU) board, with 32 KB cache 
memory, and three high-performance 
Z8010 Memory Management Units. 
These high-performance components 
are specially selected for their superior 
speed. 

Intelligent controllers, for the Winches- 
ter disk and the cartridge tape, free 
the operating system from low-level 
device handling functions. The Win- 
chester disk controller contains a 
dedicated Z8001 CPU with 16K bytes 
of local memory which substantially 
increases system performance. 

The optional ICP 8/02 Intelligent Com- 
munications Processor contains a 
Z8002 CPU with 1 28K bytes of dual- 
ported memory and DMA-supported 



I/O ports that allow communication 
over both asynchronous and synchro- 
nous lines, such as IBM 2780-3780 
bisync and X.25 packet-switched 
networks. 

Comprehensive Software 

The UNIX operating system provides 
an excellent environment for business 
applications. 

The System 8000 comes with an 
impressive collection of more than 
300 utility programs and development 
tools that make it easy for both end 
users and OEMs to develop new 
applications quickly. 

High level programming languages 
for scientific and industrial applica- 
tions are offered, including Pascal, C, 
and Ada. 



SPECIFICATIONS 



CPU 

— High-performance 1 6-bit Z8001 
CPU, 11.1 MHz, with 32 KB cache 
memory 

Memory 

— Minimum: 512 KB 

— Maximum: 2 MB 

— Management: Three High- 
performance Z801 MM Us 

— Error Handling: Parity or Error 
Checking and Correcting (ECC) 

52 MB Winchester Disk 

— Disk Size: 5 1 /4 inches 

— Rotation Speed: 3,600 rpm 

— Average Seek Time: 30 msec 

— Data Transfer Rate: 5 M bits/sec 



Cartridge Tape Drive 

— Read/Write Speed: 30 ips 

— Rewind/Search Speed: 90 ips 

— Tracks: 4 

— Recording Density: 6400 BPI 

— Capacity (unformatted): Up to 
21.3 MB 

Options 

— Up to 16 users 

— Up to 18 serial ports, 
2 parallel ports 

— Up to 2 MB memory 

— Second Winchester drive 

— ICP 8/02 Intelligent Communica- 
tions Processor 

— Two slots available for board 
options 



Physical 

— Height: 66 cm (26 in.) 
-Width: 20 cm (8 in.) 

— Depth: 46 cm (18 in.) 

— Weight: 43 kg (95 pounds), 
approximately 

Electrical 

— Phase: Single 

— Frequency: 47 to 63 Hz 

Nominal Maximum Maximum 

Selectable Sustained Current 

Voltages ± 10% Current Surge 

100-115VAC/60Hz 2 50 A 4.0 A 

220-240 VAC/50 Hz 1 25 A 2.0 A 

Environmental 

— Operating Temperature: 
10°C(50°F) minimum, 
40 °C (104°F) maximum 

— Relative Humidity: 

20 to 80% (Noncondensing) 
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FEATURES 

■ UNIX operating system with en- 
hancements, including the full 
screen vi editor, record locking 
and C-ISAM 

■ 11.1MHz CPU with 32 KB cache 
memory. 

■ Twice the operating speed and 
efficiency of original System 8000 
family members. 

■ Media and software compatibility 
with complete System 8000 family. 

■ Up to forty users. 

■ Up to four integral 52 MB disks. 

■ Up to 4 MB of memory. 

■ Integral 21 .3 MB cartridge tape 
drive for disk backup. 

■ Optional industry-standard 9-track 
tape drive. 

■ Optional Intelligent Communica- 
tions Processor which supports 
popular protocols. 

■ Optional IEEE 754 hardware Float- 
ing Point Processor which exe- 
cutes double-precision, extended 
multiplications in 3.28 /isec. 

■ Support of multiple industry- 
standard languages. 




OVERVIEW 

The System 8000 Series Two Model 
22 is a high-performance, multi-user, 
UNIX supermicro computer system 
designed for today's demanding 
business applications. Up to forty 
users— from novices to sophisticated 
programmers— can work on the same 
system with each user simultaneously 
performing a different task. Sharing 
files and transmitting messages is 
easy. 



Model 22 is one of the fastest and 
most efficient members of Zilog's 
System 8000 family, which has en- 
joyed years of trouble-free operation 
by thousands of satisfied users. Pro- 
grams developed on any System 
8000 model can be transferred to, 
and executed by, Model 22 and all 
the other models. An extensive selec- 
tion of excellent software tools, serv- 
ice, and support programs 
accompanies the System 8000 family 
of products. 
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Configurations 

The UNIX operating system, with 
Zilog and UC Berkeley enhancements 
including the full screen vi editor, 
record locking, and C-ISAM from 
Relational Database Systems, Inc., is 
standard on all System 8000 super- 
micros. 

Memory configurations (RAM) from 
51 2 KB to 4 MB are available. 

A sealed, 5 1 /4-inch high-performance 
Winchester hard disk provides eco- 
nomical and highly reliable on-line 
data storage. This disk has an excep- 
tionally fast 30msec access time and 
offers 52 MB of total storage space. 
Up to three additional 52 MB disks 
may be added at low cost. Model 22 
is designed to contain and support 
four of these disks for a storage 
capacity of 208 MB. 

A cartridge tape drive, which stores 
up to 21 .3 MB, is used for disk 
backup. The basic Model 22 comes 
with one cartridge tape drive and can 
be configured for a second, optional 
unit. An industry-standard, half-inch 
9-track tape drive is optional. 

Up to forty-two serial ports and five 
parallel ports are available. These 



ports are used to connect the system 
with input/output devices such as 
CRT terminals, printers, and commun- 
ication modems. Up to forty users are 
supported by the system. Communi- 
cations protocols such as IBM 2780/ 
3780 bisync and X.25 can be 
implemented with the optional Intelli- 
gent Communications Processor (ICP 
8/02) board. 

System Architecture 

Model 22 uses field-proven, state-of- 
the-art VLSI components. Foremost 
among them are Zilog's 11.1 MHz 
Z8001 16-bit High-Performance CPU 
(HPCPU) board, with 32 KB cache 
memory, and three high-performance 
Z8010 Memory Management Units. 
These high-performance components 
are specially selected for their superior 
speed. 

Intelligent controllers, for the Winches- 
ter disk and the cartridge tape, free 
the operating system from low-level 
device handling functions. The Win- 
chester disk controller contains a 
dedicated Z8001 CPU with 16K bytes 
of local memory which substantially 
increases system performance. 



The optional FPP 8/01 Floating Point 
Processor is a high-speed, bit-slice 
technology implementation of the 
IEEE Standard P754 Draft 10. Double- 
precision extended multiplication, for 
example, executes in only 3.8 ^csec. 

The optional ICP 8/02 Intelligent Com- 
munications Processor contains a 
Z8002 CPU with 128K bytes of dual- 
ported memory and DMA-supported 
I/O ports that allow communication 
over both asynchronous and synchro- 
nous lines, such as IBM 2780/3780 
bisync and X.25 packet-switched 
networks. 

Comprehensive Software 

The UNIX operating system provides 
an excellent environment for business 
applications. 

The System 8000 comes with an 
impressive collection of more than 
300 utility programs and development 
tools that make it easy for end users 
and OEMs to quickly develop new 
applications. 

High level programming languages 
for scientific and industrial applica- 
tions are offered, including Pascal, C, 
and Ada. 



SPECIFICATIONS 

CPU 

— High-performance 16-bit Z8001 , 
CPU 1 1 . 1 M Hz, with 32 KB cache 
memory 

Memory 

— Minimum: 512 KB 

— Maximum: 4 MB 

— Management: Three High- 
performance Z8010A MMUs 

— Error Handling: Parity or Error 
Checking and Correcting (ECC) 

52 MB Winchester Disk 

— Disk Size: 5 1 /4 inches 

— Rotation Speed: 3,600 rpm 

— Average Seek Time: 30 msec 

— Data Transfer Rate: 5 M bits/sec 

Cartridge Tape Drive 

— Read/Write Speed: 30 ips 

— Rewind/Search Speed: 90 ips 



— Tracks: 4 

— Recording Density: 6400 BPI 

— Capacity (unformatted): 
Up to 21. 3 MB 

Options 

— Up to 40 users 

— Up to 42 serial ports, 
5 parallel ports 

— Up to 4 MB memory 

— Up to four Winchester drives 

— ICP 8/02 Intelligent 
Communications Processor 

— FPP 8/01 Floating Point Processor 

— Five slots available 
for board options 

— Industry standard 9 track tape 
(1600bpi) 

Physical 

— Height: 84 cm (33 in.) 
-Width: 48 cm (19 in.) 

— Depth: 61 cm (24 in.) 

— Weight: 1 14 kg (250 pounds), 
approximately 



Electrical 

— Phase: Single 

— Frequency: 47 to 63 Hz 

Nominal Maximum Maximum 

Selectable Sustained Current 

Voltages ± 10% Current Surge 

100-11 5 VAC/60 Hz 7.5 A 20 A 

220-240 VAC/50 Hz 4.0 A 10 A 

Environmental 

— Operating Temperature: 
10°C(50°F) minimum, 
40 °C (1 04 °F) maximum 

— Relative Humidity: 

20 to 80% (Noncondensing) 

ORDERING INFORMATION 

Ordering Information is available at 
your local Zilog Sales Office. 

Refer to the Literature List for addi- 
tional documentation. 
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FEATURES 

■ UNIX operating system with en- 
hancements, including the full 
screen vi editor, record locking, 
andC-ISAM. 

■ 11.1 MHzCPU with 32 KB cache 
memory. 

■ Twice the operating speed and 
efficiency of original System 8000 
family members. 

■ Media and software compatibility 
with complete System 8000 family. 

■ Up to forty users. 

■ Up to four integral high perform- 
ance 168 MB disks. 

■ Up to 4 MB of memory 

■ Integral 21 .3 MB cartridge tape 
drive for disk backup. 

■ Optional industry-standard 9-track 
tape drive. 

■ Optional Intelligent Communica- 
tions Processor which supports 
popular protocols. 

■ Optional IEEE 754 hardware Float- 
ing Point Processor which exe- 
cutes double-precision, extended 
multiplications in 3.28 /usee. 

■ Support of multiple industry- 
standard languages. 




OVERVIEW 

The System 8000 Series Two Model 
32 is a high performance, multi-user, 
UNIX supermicro computer system 
designed for today's demanding 
business applications. Up to forty 
users— from novices to sophisticated 
programmers— can work on the same 
system with each user performing a 
different task simultaneously. Sharing 
files and transmitting messages is 
easy. 



Model 32 is the fastest and most effi- 
cient members of Zilog's System 8000 
family, which has enjoyed years of 
trouble-free operation by thousands 
of satisfied users. Programs devel- 
oped on any System 8000 model can 
be transferred to, and executed by, 
Model 32 and all the other models. 
An extensive selection of excellent 
software tools, service, and support 
programs accompanies the System 
8000 family of products. 
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Configurations 

The UNIX operating system, with 
Zilog and UC Berkeley enhancements 
including the full screen vi editor, 
record locking, and C-ISAM from 
Relational Database Systems, Inc., is 
standard on all System 8000 super- 
micros. 

Memory configurations (RAM) from 
51 2 KB to 4 MB are available. 

A sealed, 8-inch, 168 MB Winchester 
hard disk with Storage Module Disk 
(SMD) controller is standard on the 
Model 32. The SMD hard disks, with 
their 20msec access time, provide the 
best performance in the System 8000 
family. Their field reliability record is 
superb. Up to three additional 1 68 
MB disks may be added at low cost. 
The Model 32 is designed to contain 
and support four of these disks for a 
total of 672 MB of storage. 

A cartridge tape drive, which stores 
up to 21 .3 MB, is used for disk 
backup. The basic Model 32 comes 
with one cartridge tape drive, and can 
be configured for a second, optional 
unit. An industry standard half-inch 9- 
track tape drive is optional. 

Up to forty-two serial ports and five 
parallel ports are available. These 



ports are used to connect the system 
with input/output devices such as 
CRT terminals, printers, and commun- 
ication modems. Up to forty users are 
supported by the system. Communi- 
cations protocols such as IBM 2780/ 
3780 bisync and X.25 can be 
implemented with the optional Intelli- 
gent Communications Processor (ICP 
8/02) board. 

System Architecture 

Model 32 uses field-proven, state-of- 
the-art VLSI components. Foremost 
among them are Zilog 's 11.1 MHz 
Z8001 1 6-bit High-Performance CPU 
(HPCPU) board, with 32 KB cache 
memory, and three high-performance 
Z8010 Memory Management Units. 
These high-performance components 
are specially selected for their superior 
speed. 

Intelligent controllers, for the SMD 
Winchester disk and the cartridge 
tape, free the operating system from 
low-level device handling functions. 
The SMD controller contains a dedi- 
cated, customized bit-slice-based 
processor which provides extremely 
high-performance, optimized to UNIX 
support. 



The optional FPP 8/01 Floating Point 
Processor is a high-speed, bit-slice 
technology implementation of the 
IEEE standard P754 Draft 10. Double 
precision extended multiplication, for 
example, executes in only 3.8 ^sec. 

The optional ICP 8/02 Intelligent Com- 
munications Processor contains a 
Z8002 CPU with 1 28K bytes of dual- 
ported memory and DMA-supported 
I/O ports that allow communication 
over both asynchronous and synchro- 
nous lines, such as IBM 2780-3780 
bisync and X.25 packet-switched 
networks. 

Comprehensive Software 

The UNIX operating system provides 
an excellent environment for business 
applications. 

The System 8000 comes with an 
impressive collection of more than 
300 utility programs and development 
tools that make it easy for end users 
and OEMs to develop new applica- 
tions quickly. 

High level programming languages 
for scientific and industrial applica- 
tions are offered, including Pascal, C, 
and Ada. 



SPECIFICATIONS 

CPU 

— High-performance 1 6-bit Z8001 
CPU, 11.1 MHz, with 32 KB cache 
memory 

Memory 

— Minimum: 512 KB 

— Maximum: 4 MB 

— Management: Three High- 
performance Z80 10 MM Us. 

— Error Handling Parity or Error 
Checking and Correcting (ECC) 

168 MB SMD Winchester Disk 

— Disk Size: 8 inches 

— Rotation Speed: 3,600 rpm 

— Average Seek Time: 20 msec 

— Data Transfer Rate: 10 M bits/sec 



Cartridge Tape Drive 

— Read/Write Speed: 30 ips 

— Rewind/Search Speed: 90 ips 

— Tracks: 4 

— Recording Density: 6400 BPI 

— Capacity (unformatted): 
Up to 21. 3 MB 

Options 

— Up to 40 users 

— Up to 42 serial ports, 
5 parallel ports 

— Memory expansion up to 4 MB 

— Up to four SMD Winchester drives 

— ICP 8/02 Intelligent Communica- 
tions Processor 

— FPP 8/01 Floating Point Processor 

— Four slots available for board op- 
tions 

— Industry-standard 9 track tape 
(1600bpi) 



Physical 

— Height: 84 cm (33 in.) 

— Width: 48 cm (19 in.) 

— Depth: 61 cm (24 in.) 

— Weight: 1 14 kg (250 pounds), 
approximately 

Electrical 

— Phase: Single 

— Frequency: 47 to 63 Hz 

Nominal Maximum Maximum 

Selectable Sustained Current 

Voltages ± 10% Current Surge 

100-115VAC/60HZ 7 5A 20 A 

220-240 VAC/50 Hz 4.0 A 10 A 

Environmental 

— Operating Temperature: 
10°C(50°F) minimum, 
40 °C (1 04 °F) maximum 

— Relative Humidity: 

20 to 80% (Noncondensing) 
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The Zilog Software Directory (doc- 
ument #00-5292-03), is a compre- 
hensive list of software packages 
supported by Zilog and independent 
software vendors. In fact, users will 
find full support for Zilog micropro- 
cessors on a variety of popular host 
computers and operating systems 
such as: 

■ Zilog System 8000 with UNIX 
System III 

■ Digital Equipment Corporation 
VAX-11 running either UNIX or 
VMS operating systems 

Running on these hosts are cross- 
software packages that enable com- 
plete code development and 
debugging capabilities. These in- 
clude high-level languages (C, FOR- 
TRAN, and Pascal), cross 
assemblers, symbolic debuggers, 
object file utilities, and various 
libraries. 



A recent addition to Zilog 's com- 
plement of languages is Ada. Written 
by Irvine Computer Sciences Corpo- 
ration (ICSC), the compiler produces 
Z8001 and Z8002 target code from 
either the Zilog System 8000 or VAX 
hosts. The Ada compiler's full valida- 
tion, in line with the Ada Joint Project 
Office (AJPO) testing standards, is 
scheduled for Spring 1 985. 

Complementing its array of 
languages and utilities, Zilog also 
supports a wide range of operating 
systems. Foremost among these is 
the UNIX operating system provided 
by AT&T Technologies. The UNIX 
operating system was designed for 
multi-user, multi-tasking program 
development. Utilities are provided 
for text processing, file management, 
and communications. Furthermore, 
Zilog is supplying UNIX System V 
port support to Original Equipment 
Manufacturer (OEMs) as part of its 
continued commitment to UNIX 
leadership. 



As part of Zilog 's suite of system 
software for the Z8001 andZ8002, 
CP/M 8000 is a multi-user version of 
the popular CP/M operating system 
with its wide variety of languages 
and debuggers. Similar support for 
the Z80 is available with Personal 
CP/M, upwardly-compatible with 
CP/M release 2 with additional fea- 
tures and higher performance. 

Pricing and ordering information 
are available from the Components 
Division, Software Marketing Depart- 
ment. 
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OVERVIEW 

The Z800 Cross-Software Package is a complete 
development environment that provides all the necessary 
software routines and utilities to generate and debug 
programs for the Z800 MPU. Programmers will use the 
asm800 Z800 Cross- Assembler to develop and debug 
programs, and the Universal Object File Utilities to handle 



program linking and loading. Actual program execution 
occurs on a Z800-based target system with download and 
upload utilities included to manage the host-to-target 
communications. The package runs on either a Digital 
Equipment Corporation VAX-1 1 or Zilog System 8000 with 
the UNIX operating system. 



FEATURES 



The Z800 Cross-Software Package consists of the following 
tools: 

■ asmQOO Z800 Cross- Assembler. Relocatable macro 
assembler with conditional assembly and floating point 
support. 



Universal Object File Utilities. UNIX object utilities 
provide processor-independent linking and loading 
across the full address range of the Z800 MPU as well as 
upload/download to or from target systems. 

Documentation for each tool in the package. 
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DESCRIPTION 



asm800 Z800 Cross-Assembler 

The asm800 Z800 Cross-Assembler utilizes the expanded 
Z80 mnemonics and addressing modes to assemble and 
generate object modules in a universal file format. The Z800 
Cross-Assembler is both fast— assembling at least 1,000 
lines per minute— and efficient— consuming no more than 
128K bytes of code and data space. Additional features 
include macros, conditional assembly, and relocation. The 
Z800 cross-assembler is upwardly compatible with Zilog's 
own Z80 assembler and Microsoft's MACRO-80 assembler. 

The cross-assembler supports the complete list of opcodes 
in the Z800 MPU Technical Manual (document number 
03-8224-01 ), plus the instruction set of the Z8070 Arithmetic 
Processing Unit (see the Z8070 APU Technical Manual, 
document number 03-8226-01). All Z80 opcodes, 
pseudo-ops (pseudo operation codes), and the commands 
supported by the Z80-RIO assembler are also supported. 
Constants supported by the cross-assembler include 
integers, floating-point numbers, characters, and character 
strings. In addition, asm800 handles arithmetic expressions 
using up to 80 bits of precision. 

The Z800 cross-assembler supports these Z80 addressing 
modes: 

■ Register 

■ Immediate 

■ Indirect Register 

■ Direct Address 

■ Indexed 



■ Short Index 

■ Based Indexed 

■ Stack Relative 

■ PC Relative 

In addition, two types of macro facilities are included in the 
Z800 assembler: MACROs and PROCs. 

MACROs are compatible with those found in the RIO or 
Microsoft Z80 assembler. Parameters are separated by 
blanks or commas with substitution into the macro body as 
strings. 

PROCs are call-by-value macros. Parameters are 
expressions, separated by blanks or commas, with 
substitution into the macro body as values. 

Additional pseudo-ops are provided for conditional 
assembly, data definition, object code generation, and to 
extend macros. A command-line option specifies a third 
pass for generating a cross-reference listing showing the 
use and definition of all symbols in the program. 

Universal Object File Utilities 

The Z800 Cross-Software package includes a number of 
machine-independent utilities for processing object 
modules created in a universal format (see the Universal 
Object File Utilities User's Guide, document number 
03-8236-01). Because address size and byte ordering are 
specified in the object module, the object file utilities can be 
used across Zilog's entire product line. 




Figure 2. Z800 Cross-Software Package 
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The Universal Object File Utilities package lets modules be 
divided into any number of independent relocatable 
modules. This gives the programmer flexibility and control 
over how code is mapped in memory. In addition, object 
modules can be stored in either ASCII or binary formats. 
While ASCII format is useful for downloading across serial 
communication links, binary modules require less file space 
and allow faster processing. 

For linking and loading object modules, two utilities are 
provided: mlink and mload. The first, mlink, takes universal 
object file-formatted modules generated by asm800, 
resolves external references among modules, relocates 
addresses, and combines these modules into a single load 
module. Furthermore, mlink can perform arbitrary integer 
arithmetic with up to 80 bits of precision. The second, 
mload, utility downloads an object file from the host system 
to the intended target system. Both utilities can send or 



receive object files in either Tektronix hex format, Intel hex 
format, or ASCII universal object file format (MUFOM). 

In addition to mlink and mload, there are several other 
functions handled by these utilities: 

mconv converts an object module from ASCII to binary 
format, or binary to ASCII. 

mdump dumps an object file in hex format along with 
relocation information; object header information 
is also displayed. 

mnm prints the name list (symbol table) of an object 
module. 

msend uploads the contents of memory from a target 
system and creates an absolute universal object 
file module on the host system. 



Ordering Information is available at your local Zilog Sales 
Office. 

Refer to the Literature List for additional documentation. 
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OVERVIEW 



The Z80.000 Cross- Software Package is a complete 
development environment that provides all the necessary 
software routines and utilities to generate and debug 
programs for the Z80,000 CPU. Programmers will use the 
asm80k Z80.000 Cross-Assembler to develop and debug 
programs, and the Universal Object File Utilities to handle 



program linking and loading. Actual program execution 
occurs on a Z80,000-based target system with download 
and upload utilities included to manage the host-to-target 
communications. The package runs on either a Digital 
Equipment Corporation VAX-1 1 or Zilog System 8000 with 
the UNIX operating system. 



FEATURES 

The Z80.000 Cross-Software Package consists of the 
following tools: 

■ asm80k 180,000 Cross- Assembler. Relocatable macro 
assembler with conditional assembly and floating point 
support. 



Universal Object File Utilities. Special UNIX object utilities 
provide processor-independent linking and loading 
across the full address range of the Z80.000 CPU as well 
as upload/download to or from target systems. 

Documentation for each tool in the package. 
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Figure 1 . Typical Z80,000 Cross-Software Package Installation 
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DESCRIPTION 



asm80k Z80,000 Cross-Assembler 

The asm80k Z80.000 Cross-Assembler utilizes the 
expanded Z8000 CPU mnemonics and addressing modes 
to assemble and generate object modules in a universal file 
format. Additional features include macros, conditional 
assembly, and relocation. The Z80,000 cross-assembler is 
upwardly compatible with Zilog's own Z8000 assembler 
(cas). 

The cross-assembler supports the complete list of opcodes 
in the Z80,000 CPU Technical Manual (document number 
03-8226-01). Constants supported by the cross-assembler 
include integers, floating-point numbers, characters, and 
character strings. In addition, asm80k handles arithmetic 
expressions using up to 80 bits of precision. 

Two types of macro facilities are included in the Z80.000 
assembler: MACROS and PROCs. 

MACROs are compatible with those found in the current 
Z8000 assembler. Parameters are separated commas with 
substitution into the macro body as strings. 

PROCs are call-by-value macros. Parameters are 
expressions, separated by blanks or commas, with 
substitution into the macro body as values. 

Additional pseudo-ops are provided for conditional 
assembly, data definition, object code generation, and to 
extend macros. A command-line option specifies a third 
pass for generating a cross-reference listing showing the 
use and definition of all symbols in the program. 



Universal Object File Utilities 

The Z80.000 Cross-Software package includes a number of 
machine-independent utilities for processing object 
modules created in a universal format (see the Universal 
Object File Utilities User's Guide, document number 
03-8236-01). Because address size and byte ordering are 
specified in the object module, the object file utilities can be 
used across Zilog's entire product line. 

The Universal Object File Utilities package lets modules be 
divided into any number of independent relocatable 
sections. This gives the programmer flexibility and control 
over how code is mapped in memory. In addition, object 
modules can be stored in either ASCII or binary formats. 
While ASCII format is useful for downloading across serial 
communication links, binary modules require less file space 
and allow faster processing. 

For linking and loading object modules, two utilities are 
provided: mlink and mload. The first, mlink, takes universal 
object file-formatted modules generated by asm80k, 
resolves external references among modules, relocates 
addresses and combines these modules into a single load 
module. Furthermore, mlink can perform arbitrary integer 
arithmetic with up to 80 bits of precision. The second utility, 
mload, downloads an object file from the host system to the 
intended target system. Both utilities can send or receive 
object files in either Tektronix hex format, Intel hex format, or 
ASCII universal object file format (MUFOM). 
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Figure 2. Z80,000 Cross-Software Package 
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In addition to mlink and mload, there are several other mnm prints the name list (symbol table) of an object 
functions handled by these utilities: module. 

mconv converts an object module from ASCII to binary msend uploads the contents of memory from a target 

format, or binary to ASCII. system and creates an absolute universal object 

, _ . , . . ... . . . . . ... file module on the host system. 

mdump dumps an object file in hex format along with y 

relocation information; object header information 

is also displayed. 

Ordering Information is available at your local Zilog Sales 
Office. 

Refer to the Literature List for additional documentation. 
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Product 
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FEATURES 

■ Provides high-quality floating-point 
capability for Z8000 series CPUs. 



arithmetic 



Executes the same instruction set and simulates the 
architecture of Zilog's Z8070 Arithmetic Processing 
Unit (APU). The same application software can use 
either this emulation package or the Z8070 APU 
without modification. 



Conforms to the proposed IEEE Standard P754 Draft 
1 0.0 for binary floating-point arithmetic. 

Provides routines for the conversion of binary in- 
teger and Binary Coded Decimal (BCD) to and from 
binary floating-point formats. 
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GENERAL DESCRIPTION 

The Floating-Point Software Emulation Package (also 
referred to as the Emulator) provides floating-point 
arithmetic capability in accordance with the proposed 
IEEE Standard for binary floating-point arithmetic. 

The proposed standard is designed to facilitate the por- 
tability and increase the precision and reliability of 
numerically oriented programs. The Emulator's ability to 
handle various numeric formats makes it amenable to 
commercial as well as scientific applications. Because 
the Emulator simulates the Z8070 APU, it is an ideal tool 
for systems that may later include the Z8070 chip. 

The Emulator is written in PLZ/ASM structured assembly 



language and is fully operable on the Z8000 series 
CPUs. It can be run in either segmented or 
nonsegmented modes and in either Normal or System 
modes. It is available with Zilog's Real-Time Software 
(ZRTS) and Zilog's System 8000. 

The Emulator uses the Z8000 CPU's Extended Process- 
ing Architecture (EPA). The EPA function provides the 
capability for flexible hardware and software expansion 
by the addition of Extended Processing Units or software 
trap handlers. When the EPA bit in the CPU's Flag and 
Control Word is zero, the CPU traps to the Emulator upon 
encountering a floating-point instruction. 



FUNCTIONAL DESCRIPTION 

The Emulator consists of a small system-dependent 
module involved with memory accesses, and a system- 
independent body. The system-dependent module 
comes in PLZ/ASM source form, whereas the body is in 
object code. Two versions of the body are provided: one 
assembled for segmented operation, the other for 
nonsegmented use. The Emulator can, consequently, be 
run in either segmented or nonsegmented mode. The 
Emulator uses no privileged CPU operations, and most 
operations finish in under one millisecond on a 6 MHz 
CPU, including the trapping and typical operating system 
overhead. 

The system-independent body is called by the system- 
dependent module, using Zilog's calling convention. The 
system-independent body consists of approximately 



5000 bytes of code and requires fewer than 30 words of 
stack space for operation. After an operation, the body 
returns a status code, indicating whether or not a trap 
should be taken. 

In the system-dependent module, the most important 
aspect of the Emulator is its method of accessing the ad- 
dress spaces of the process that generated the EPA 
trap. A small set of assembly language interface routines 
that can be tailored to the host system is provided in 
PLZ/ASM source form. These routines are fully general 
in that they permit trapped processes from either 
nonsegmented or segmented operating modes and from 
either System or Normal operating modes. Host systems 
not supporting some of these combinations can simply 
ignore them. 
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A user with an average mathematical background 
should be able to attain precise results with the floating- 
point arithmetic supported by the Emulator, because the 
software simplifies the development of accurate pro- 
grams. The Emulator accepts numbers in any of several 
data formats, operates on them in the very precise Ex- 
tended format, returns results to any of the formats, and 
indicates any exceptions that may arise. 

Exceptions, as defined by the proposed IEEE Standard, 
include detection of invalid operands or results, attemp- 
ted division by zero, and overflows or underflows caused 
by exceeding the limits of the data format. Exceptions 
can be handled by user-controlled traps, or can be dealt 



with in an automatic manner by the Emulator. In addi- 
tion, the Emulator records historical information on ex- 
ceptions for later evaluation. This creates a flexible en- 
vironment in which the user can tailor exception hand- 
ling based on the needs of a specific application. 

The capabilities of the Emulator are of use wherever 
consistency of results, precision of results, manipulation 
of a wide range of numbers, or generally increased 
arithmetic processing capabilities are required. Such 
widely divergent applications as guidance systems, 
financial data processing, process control, graphics and 
robotics can be enhanced by increased arithmetic 
capabilities. 



ARCHITECTURE 

There are eight 80-bit data registers, two 32-bit status 
registers, one 16-bit and one 32-bit control register, and 
two 80-bit floating operand registers in the Emulator. 
This software architecture is designed to simulate the 
Z8070 APU. 

The Emulator has a data register file of eight 80-bit 
registers labelled FO to F7. This format corresponds to 
the Double Extended format in which the Emulator per- 
forms all of its internal numeric operations. Figure 1 ill- 
ustrates the data register file. 
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Figure 1. Data Register File 

There are two 32-bit status registers known as the Pro- 
gram Counter register (PC1) and the Flags register. PC1 
(Figure 2) holds the address of the instruction that 
generated the trap. The Flags register contains historical 
information on detected exceptions (sticky flags) and the 
Emulator's Compare and Remainder flags (Figure 3). 



Flags Register. Four fields provide information on ex- 
ceptions and results. These fields are: 

Sticky flags. Eight flags are set when an exception oc- 
curs, and remain set until they are cleared by the pro- 
grammer. These flags are: 

INV— Invalid 

FOV— Floating-point Overflow 
UN— Underflow 
DZ— Divide-by-Zero 
INX— Inexact Result 
DE— Denormalized number 
NAN— Signalling NaN 
IX— Integer Overflow 

Previous Operation flags. These are the same as the 
sticky flags, except these bits reflect the exception of the 
previous operation. 

Compare and Remainder flags. These status flags cor- 
respond to the H, D, P/V, S, Z, and C flags in the Z8000 
CPU's FCW. 

FOP1E. These bits are the two most significant bits 
(MSB) of the exponent of Floating Operand register 1 
(FOP1). 

FOP2E. These bits are the two MSBs of the exponent of 
Floating Operand register 2 (FOP2). 

There are two control registers in the Emulator: the 
System Configuration register and the User Control 
register. The System Configuration register is accessible 
only to privileged users in System mode; it contains in- 
terrupt controls and EPU information (Figure 4). The 
User Control register (Figure 5) is accessible to Normal 
mode users; it sets arithmetic modes and enables traps. 



Figure 2. Program Counter Register (PC1) 
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System Configuration Register. Ten fields provide in- 
formation on instructions and interrupts. These fields 
are: 

Interrupt Vector Number. Identifies the source and 
cause of an interrupt. 

SV. Shifts the Interrupt Vector left. 

VIS. Is set to include status information in the Interrupt 
Vector. 

NV. Is set when no vector is to be returned. 

IUS. Is set when an interrupt is under service. 

Interrupt Pending (IP). Indicates a pending interrupt. 

Master Interrupt Enable (MIE). Enables all interrupts. 

Used (U). Indicates that a floating-point instruction has 
been executed. 

ID. Indicates the number in the ID field of EPU instruc- 
tions to which the Emulator will respond. 

Invalid ID. Specifies which ID fields in EPA instructions 
should cause a trap to be generated. 



User Control Register. Three fields enable traps and 
determine arithmetic modes. These fields are: 

Rounding mode (RM). 

00 = Round to Nearest 

01 = Round toward Zero 

10 = Round toward Plus Infinity 

11 = Round toward Minus Infinity 

Trap Enables. The setting of these bits enables the trap 
associated with each exception listed below. 

INV— Invalid 

FOV — Floating Point Overflow 

UN— Underflow 

DZ — Divide-by-Zero 

INX— Inexact Result 

DE — Denormalized number 

NAN— Signalling NaN 

IX — Integer Overflow 

In addition, the Emulator contains two 80-bit floating 
operand registers labelled FOP1 and FOP2, which con- 
tain the input operand (FOP1) and result (FOP2) for use 
by trap handlers (Figure 6). 
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PREVIOUS OPERATION FLAGS 
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Figure 3. Flags Register 



31 30 29 28 


27 26 


25 24 


23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 


11 


10 


9 


8 


7 6 5 4 3 2 10 


■ III 
1 EPU IDS 
1 1 1 1 


ID 


IR 

1 


U 























MIE 


IP 


IUS 





NV 


VIS 


SV 





l l I 1 l l l I 

INTERRUPT VECTOR NUMBER 1 

1 1 1 1 1 1 1 1 



Figure 4. System Configuration Register 
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DATA TYPES 

The Emulator supports the data types shown in Figure 7. 
All formats are automatically converted to the 80-bit 
floating-point format for internal operations and can be 
returned to any of the formats. The S bit is the Sign bit 
specifying a positive (0) or negative (1) number. The 
negative or positive floating-point number is equal to: 

significand x 2(e*ponent-bias) 

The Emulator also supports extensions to the floating- 
point arithmetic. Infinities are represented, and numbers 
that cannot be represented in normalized form (i.e., 
where the most significant bit of the significand is a 
binary 1) can be represented in a denormalized form 
(i.e., with leading Os in the significand). In addition, cer- 
tain values for NaNs (Not-a-Number) are defined, which 
are useful in causing traps or providing diagnostic infor- 
mation. 

In the following description of the binary floating-point 
formats, 's' is the sign, 'e' is the exponent, T is the 
significand (or fraction), and j is a 1-bit integer part. The 
integer bit is implicit in single and double formats. 



The value (v) of the 32-bit Single Precision Binary format 
is determined as follows: 

If e = 255 and f * 0, then v = NaN. 

If e = 255 and f = 0, then v = (-l)s(infinity). 

If < e < 255, then v = (-1)s2e-"i27(|.f). 

If e = and f * 0, then v = (-i)s2-i26(o.f). 

If e = and f = 0, then v = (-1)sfj,(zero). 

he value of the 64-bit Double Precision Binary format is 
determined as follows: 

If e = 2047 and f * 0, then v = NaN. 

If e = 2047 and f = 0, then v = (-l)s(infinity). 

If < e < 2047, then v = (-1)s2e-i023(|.f). 

If e = and f * 0, then v = (-1)s2-i022(fj.f). 

If e = and f = 0, then v = (-1)sQ,(zero). 



31 


30 




23 


22 


I- 


e 


I 



Single Precision Binary (32 bits) 



Double Precision Binary (64 bits) 
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Extended Precision Binary (80 bits) 
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Figure 7. Data Formats 
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For the 80-bit Double Extended Precision Binary format, 
the value is determined as follows: 

■ If e = 32767 and f * 0, then v = NaN. 

■ If e = 32767 and f = 0, then v = (-l)s(infinity). 

■ If < e < 32767, then v = (-1)s2(e-16383)(j.f). 

■ If e = and j = f = 0, then v = (-1)sfJ, (normal 
zero). 

■ If e = and j or f is nonzero, then v = 

(-1)s2-16383(j.f). 

Floating-point instructions are of the form: 

FXXX [S,D,L,Q,BCD] rnd dst.src 
The suffixes for floating-point binary formats [Single (S), 



Double (D), or Extended (no suffix)], for binary integer 
formats [Long-word (L) and Quad-word (Q)], and for 
decimal format (BCD), refer to the size of the CPU 
register or memory operand. The suffix "rnd" refers to 
the rounding precision, or the degree of precision used 
in internal Emulator operations; SGL is used for Single 
precision, DBL for Double precision, and no suffix for Ex- 
tended precision. 

Addressing modes used include Emulator register (F) 
and multiple register (FF), CPU register (R), Index (X), In- 
direct Register (IR), Direct Address (DA). Also permitted 
are addressing of Emulator Control registers (FCTL) and 
portions of the Control registers (FSEL, traplist, flaglist, 
modelist). 



INSTRUCTION SET 

The floating-point instruction set provides the following 
types of instructions: 

■ Primary arithmetic operations 

■ Load and store operations 

■ Compare and examine operations 

Primary Arithmetic Operations 



Secondary arithmetic operations 
Control operations 



Mnemonic 


Operands 


Addressing Modes 


Operation 


FADD 

FADDS 

FADDD 


dst.src 


src: F.R.IR.DA.X 
dst: F 


Floating Add 

dst «- dst + src 


FDIV 

FDIVS 

FDIVD 


dst.src 


src: F,R,IR,DA,X 
dst: F 


Floating Divide 

dst — dst/src 


FMUL 

FMULS 

FMULD 


dst.src 


src: F,R,IR,DA,X 
dst: F 


Floating Multiply 

dst — dst*src 


FREMSTEP 


dst.src 


src: F 
dst: F 


Floating Remainder Step 

dst — dst src 
FCW - flag 


FSQR 

FSQRS 

FSQRD 


dst.src 


src: F,R,IR,DA,X 
dst: F 


Floating Square Root 

dst — SQR (src) 


FSUB 

FSUBS 

FSUBD 


dst.src 


src: F,R,IR,DA,X 
dst: F 


Floating Subtract 

dst «- dst - src 



FLD 

FLDS 

FLDD 



dst,src 



src: F,R,IR,DA,X 


Floating Load 


dst: F 




or 


dst «- src 


src: F 




dst: R,IR,DA,X 
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Load and Store Operations 



Mnemonic 



Operands Addressing Modes Operation 



FLDBCD 



dst,src 



dst: F 

src: RJR.DA.X 

or 
dst: R,IR,DA,X 
src: F 



Floating Load BCD Integer 

dst — Float (BCD_src) 
dst — BCD (float_src) 



FLDIL 



dst.src 



dst: F 

src: RR,IR,DA,X 

or 
dst: RR.IR.DA.X 
src: F 



Floating Load Binary Integer 
Long Word 

dst — Float (src) 
dst <- Fix (src) 



FLDIQ 



dst.src 



dst: F 

src: RQ.IR.DA.X 

or 
dst: RQ,IR,DA,X 
src: F 



Floating Load Binary Integer 
Quad Word 

dst *- Float (src) 
dst — Fix (src) 



FLDM 



dst.src.n 



FCPF 



dst,src 



dst: F.FF 
src: R,IR,DA,X 

or 
dst: R,IR,DA,X 
src: F.FF 



Floating Load Multiply 

dst *- src 



FLDTL dst.src 


dst: RR.IR.DA.X 
src: F 


Floating Load and Truncate to 
Integer Long Word 

dst — Int(src) 


FLDTQ dst.src 


dst: RQ.IR.DA.X 
src: F 


Floating Load and Truncate to 
Integer Quad Word 

dst <— Int (src) 


Compare Operations 


FCP dst.src 

FCPS 

FCPD 


dst: F 

src: F.R.IR.DA.X 


Floating Compare 

dst - src, set flags 



dst: F 
src: F 



Floating Compare and Transfer 
Flags to FCW 

dst - src 
FCW - flags 



FCPFX 



dst.src 



dst: F 
src: F 



Floating Compare, Transfer Flags to 
FCW, and Raise Exception if 
Unordered 

dst - src 
FCW - flags 



FCPX 

FCPXS 

FCPXD 



dst.src 



dst: F 

src: F.R.IR.DA.X 



Floating Compare and Raise 
Exception if Unordered 

dst - src, set flags 
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Compare Operations (Continued) 



Mnemonic 



Operands Addressing Modes Operation 



FCPZ 



dst 



dst: F 



Floating Compare with 0, and 
Transfer Flags to FCW 

dst - 
FCW - flags 



FCPZX 



dst 



dst: F 



Floating Compare with 0, Transfer 
Flags to FCW, and Raise Exception 
if Unordered 

dst - 
FCW - flags 



Secondary Arithmetic Operations 


FABS 

FABSS 

FABSD 


dst.src 


dst: F 

src: F,R,IR,DA,X 


Floating Absolute Value 

dst «- |src| 


FCLR 


dst 


dst: F 


Floating Clear 

dst - +0 


FINT 

FINTS 

FINTD 


dst.src 


dst: F 

src: F,R,IR,DA,X 


Floating Round to Floating Integer 

dst - Float [Int (src)] 


FN EG 

FNEGS 

FNEGD 


dst, src 


dst: F 

src: F,R,IR,DA,X 


Floating Negation 

dst — (-src) 


Control Operations 



FLDCTL 



dst.src 



O 

f 



dst: FCTL 

src: RR,IR,DA,X 

or 
dst: RR,IR,DA,X 
src: FCTL 



Floating Load Control 

dst — src 



FLDCTLB 


dst 


dst: Fsel 


Floating Load Control Byte 

FCW - flags 


FRESFLG 


src 


dst: FFLAGS 
src: flaglist 


Plotting R©§©t Flag 
FFLAGS (flaglist) - 


FRESTRAP 


src 


dst: USER 
src: traplist 


Floating Reset Trap 

USER (traplist) - 


FSETFLG 


src 


dst: FFLAGS 
src: flaglist 


Floating Set Flag 

FFLAGS (flaglist) - 1 


FSETMODE 


src 


dst: FMODE 
src: modelist 


Floating Set Mode 

FMODE — modelist 


FSETTRAP 


src 


dst: USER 
src: traplist 


Floating Set Trap 

USER (traplist) - 1 
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Condition Codes 

A set of condition code mnemonics are provided for 
evaluating the results of floating-point comparisons 
when the results have been transferred to the CPU's 
Flag and Control Word. Table 1 shows the floating-point 
mnemonics, the equivalent Z8000 condition code 
mnemonics, and their meanings. 



Table 1. Condition Code Equivalences 



Floating- 






point CC 


Z8000 CC 


Meaning 


FEQ 


EQ 


Equal 


FNEU 


NE 


Not equal or unordered 


FLT 


ULT 


Less than 


FLE 


ULE 


Less than or equal 


FGT 


GT 


Greater than 


FGE 


GE 


Greater than or equal 


FLU 


LT 


Less than or unordered 


FLEU 


LE 


Less, equal or unordered 


FGU 


UGT 


Greater than or unordered 


FGEU 


UGE 


Greater, equal or unordered 


FORD 


NOV 


Ordered 


FUN 


OV 


Unordered 



Programming Example 

An example of a FORTRAN program and its possible 
compilation is provided below. The example calculates 
an average, using floating-point instructions and 
Emulator registers as well as CPU instructions and 
resources. 

The FORTRAN segment assumes type REAL is a single 
precision number. The possible compilation of the FOR- 
TRAN segment assumes that the compiler optimizes 
variable usage in DO loops — it does not emulate full 
FORTRAN DO loop conditions. PLZ/ASM is the code pro- 
duced. 

FORTRAN Program Segment 

REAL SAMPLE(100),AVERAGE 
INTEGER INDEX 



Possible Assembler Compilation 

SAMPLE ARRAY [100 LONG] 
AVERAGE LONG 
K100 LONG = 100.0 





! REGISTER ASSIGNMENTS! 




UNDEX-R2! 




IAVERAGE-F0! 


FCLR 


F0 


CLR 


R2 


FADDS 


F0,SAMPLE(R2) 


INC 


R2,#4 


CP 


R2,#400 


JR 


LT.LOOP 


FDIVS 


F0.K100 


FLDS 


AVERAGE, F0 



100 



AVERAGE = 0.0 

DO 100 INDEX = 1,100 

AVERAGE = AVERAGE + SAMPLE(INDEX) 

AVERAGE = AVERAGE/100.0 
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FEATURES 

■ Real-time Multi-Tasking Software 
Components 

□ Synchronization of multiple 
tasks 

□ Interrupt-driven priority 
scheduling 

□ Real-time response 

□ Dynamic memory allocation 

■ Modular and Flexible Design 

□ Efficient memory utilization 

□ 6K byte PROMable kernel 

□ Support for Z8001 and Z8002 
16-bit microprocessors 

□ Configurable via linkable 
modules 

■ Versatile Base for Z8000 System 
Designs 

□ Segmented/non-segmented 
tasks 

□ System/normal mode tasks 

□ Uses standard Zilog calling 
conventions 



■ Easy-To-Use System Generator 

□ High-level configuration 
language 

□ Supports a wide variety of 
hardware configurations 

□ Easily changed control 
parameters allow system 
optimization 

□ Eliminates the requirement for 
intimate knowledge of system 
internal structure 

OVERVIEW 

Zilog's Real Time Software (ZRTS) 
provides of a set of modular software 
components that allows quick and 
easy implementation of customized 
operating systems for all members of 
the Z8000 1 6-bit microprocessor 
family. In effect, ZRTS extends the 
instruction set of the Z8000, adding 
easy-to-use commands that give the 
Z8000 the capability for managing 
real-time, multi-tasking applications. 



The ZRTS package consists of a small 
real-time, multi-tasking executive 
program, the Kernel, and a System 
Configurator. The Kernel provides 
synchronization and control of 
multiple events occurring in a real-time 
environment. All major real-time 
functions are available— task 
synchronization, interrupt-driven 
priority scheduling, intertask 
communication, real-time response, 
and dynamic memory allocation. 




These functions greatly simplify the 
tasks of the designer, allowing 
development efforts to be 
concentrated on the application, 
instead of on real-time coordination, 
task management problems, and 
complicated system generations. 
ZRTs provides a modular and flexible 
development tool that serves as a 
versatile base for Z8000 system 
designs. The Kernel requires only 6K 
bytes of either PROM or RAM 
memory, thus allowing configurations 
for a wide variety of target systems, 
while producing a memory-efficient, 
cost-effective end product. 
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CONCEPTS 



Table 1. 



ZRTS is both easy-to-learn and 
easy-to-use. Only a few simple 
concepts need to be understood 
before designing begins. 

Tasks. Tasks are the components 
comprising a real-time application. 
Each task is an independent program 
that shares the processor with the 
other tasks in the system. Tasks 
provide a mechanism that allows a 
complicated application to be 
subdivided into several independent, 
understandable, and manageable 
units. 

Semaphores. Semaphores provide 
a low overhead facility for allowing 
one task to signal another. 
Semaphores can be used for 
indicating the availability of a shared 
resource, timing pulses, or event 
notification. 

Exchanges and Messages. 

Exchanges and Messages provide 
the mechanism for one task to send 
data to another. A Message is a buffer 
of data, while an Exchange serves as 
a mailbox at which tasks can wait for 
Messages and to which Messages 
are sent and held. 

The ZRTS Kernel. The Kernel is the 
basic building block of ZRTS and 
performs the management functions 
for tasks, semaphores, the real-time 
clock, memory, and interrupts. The 
Kernel also provides for task-to-ask 
communications via Exchanges and 
Messages. All requests for Kernel 
operations are made via system call 
instructions with parameters in 
registers, according to the standard 
Zilog calling conventions. 

Task Management. One of the main 
activities of the Kernel is to arbitrate 
the competition that results when 
several tasks each want to use the 
processor. Each task has a unique 
task descriptor that is managed by 
the Kernel. The data contained in the 
descriptor includes priority, status and 
other pertinent information. ZRTS 
supports any number of tasks, limited 
only by the memory available to 
accommodate the task descriptors 
and stacks. 



TASK MANAGEMENT 

T Create 

T Destroy 

T__Lock 
T_Reschedule 

T Resume 

T Suspend 

T_Unlock 
T_Wait 
T Whoami 

SEMAPHORE MANAGEMENT 

Sem Clear 



Sem Create 

Sem Destroy 

Sem Signal 

Sem Test 

Sem_Wait 

CLOCK MANAGEMENT 

Clk_Delay_Absolute 

Clk Delay Interval 

Clk_Set 
Clk_Time 

MEMORY MANAGEMENT 

Mem Census 

Alloc 
Release 

INTER-TASK COMMUNICATION 



Creates a task dynamically. 

Removes a dynamically created task. 

Allows a task to take exclusive control of the CPU. 

Changes the priority of a task. 

Activates a suspended task. 

Suspends another task. 

Releases exclusive control of the CPU for other tasks. 

Suspends task execution. 

Returns the name (address) of the task making the 

request. 

Clears semaphore queue and reinitializes a 

semaphore. 

Creates a semaphore dynamically. 

Removes a dynamically created semaphore. 

Signals a semaphore, increments the counter. 

Tests a semaphore for a signal. 

Causes a task to wait until a semaphore is signaled, 

decrements the counter. 



Places a task on the clock queue waiting for absolute 

time. 

Places a task on the clock queue waiting for passage 

of an interval of time. 

Sets the real-time clock. 

Reads the clock. 



Provides status of the memory resource. 
Dynamically allocates memory. 
Releases allocated memory. 



M Acquire 

M_Assign 

M Create 

M Destroy 

M Get Descri ptor 

M_Read 
M_Receive_Wait 

M Release 

M_Reply 
M_Write 
X_Create 

X_Destroy 



Gets a message from an exchange pool and assigns a 

destination or a reply exchange to it. 

Assigns a new source and destination to an existing 



Creates a message dynamically. 

Removes a dynamically created message. 

Gets message's descriptor information. 

Reads the message data. 

Waits to receive a message from an exchange. 

Returns a message to the exchange pool. 

Sends a message back to destination exchange. 

Changes message data. 

Dynamically creates an exchange with a pool of 



Removes a dynamically created exchange. 
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The Kernel maintains a queue of all 
active tasks on the system. Each task, 
based on its priority, is scheduled for 
processor time. The highest-priority 
task that's ready to run gains control 
of the CPU; other tasks are queued. 
Tasks can be prioritized up to 32,767 
levels, with round-robin scheduling 
among tasks with the same priority. 

Tasks can run either segmented or 
non-segmented code, in either normal 
or system mode. The numerous 
operations that may be performed on 
tasks are listed in Table 1 . 

Semaphore Management. The 

Kernel provides semaphore 
management for synchronizing 
interacting tasks. A typical use of 
semaphores is to provide mutual 
exclusion of a shared resource. When 
a resource is to be used by only one 
task at a time, a semaphore with a 
counter of 1 controls the resource. 
Every task requiring the resource 
must first wait on that semaphore. 
Since the counter is 1 , only one task 
will acquire the resource. The others 
will be queued on the semaphore and 
suspended until the semaphore is 
signaled that the resource is once 
again available. At that time, the first 
task on the semaphore queue will be 
made ready to run and can use the 
resource. After all tasks have acquired 
the resource and signaled the 
completion of their use, the 
semaphore returns to its original state 
with a counter of 1 . Counters greater 
than one are useful when there are a 
number of similar resources, (i.e., 
three tape drives, four I/O buffers). 

In ZRTS, a semaphore can count up 
to 32,767 signals. The commands 
provided by the Kernel to manage 
semaphores are listed in Table 1 . 

Clock Management. ZRTS operates 
with a real-time clock that generates 
interrupts at a hardware-dependent 
rate. It is used for timed waits, 



System Configuration Parameters 



CONSTANTS Specifies system constants 

EXCHANGES Defines the characteristics of application exchanges. 

INITIALIZATION Specifies routines that are to execute prior to beginning 

execution of the first task. 

INTERRUPT Associates an interrupt routine with an interrupt vector or trap 

and system call-handlers. Provides the facilities to specify an 
NVI interrupt-handler that will be called from the system NVI 
handler routine. 

MEMORY Defines sections or segments that contain code, initialized data, 

or uninitialized data and specifies the location in memory where 
it will be placed. The files to be included in the configuration are 
also defined in this section in conjunction with the 
section/segment definitions. 

SEMAPHORES Defines the characteristics of application semaphores. 

SWITCHES Allows flags that control the system generation operation to be 

set. 

TASKS Defines the characteristics of application tasks. 



timeouts, and round-robin scheduling. 
All times are given in number of ticks. 
The clock may be manipulated by the 
set of commands provided by the 
Kernel that are listed in Table 1 . 

Memory Management. Storage for 
ZRTS data structures is allocated 
either statically at system generation 
time, or dynamically at run time. 
Dynamic allocation occurs via a 
system call that specifies the attributes 
of the structure to be created and 
returns a name that can be used to 
refer to the structure. Memory is 
allocated in 256-byte increments, and 
can be released using a system call. 

The storage allocator can also be 
called directly to obtain blocks of 
memory up to 64K bytes long, which 
can be used by the task for any 
purpose. 

Interrupt Management. 

Interrupt-handling routines are 
provided for system calls, 
non-vectored interrupts, and a 



hardware clock. The user must 
provide interrupt routines for whatever 
other vectored interrupts are included 
in the target system. 

ZRTS can switch control to a task 
waiting for an external event within 
600-microseconds after the 
occurrence of the event. This is a 
worst-case time for a system using a 4 
MHz Z8001 CPU and is based on a 

Sem Signal system call awakening a 

higher priority task that is waiting on a 
semaphore; this causes a task switch 
to occur. 

Inter-Task Communication. The 

Kernel provides the capability for 
tasks to exchange information. This 
communication process occurs when 
one task sends a Message to an 
Exchange and another task receives 
the Message. 

A Message contains a length 
indicator, a buffer with a variable 
amount of data, and a code that 
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identifies the Message type. The 
Exchange is a system data structure 
tat consists of a queue for Messages 
sent but not yet received, a 
semaphore on which a task can wait 
for a Message, and an optional "pool" 
list from which Messages can be 
obtained quickly. 

ZRTS provides several commands for 
inter-task communications. These are 
listed in Table 1 . 

Logical I/O. ZRTS includes an 
optional module which provides a 
device-independent mechanism for 
interfacing between tasks and 
customer-written I/O device drivers. 
Sample device drivers are included 
for terminal and disk-type devices. 

ZRTS Configuration. Since ZRTS's 
modular design leads to so many 
different configurations, a simple 
facility for generating the target 
operating system is a critical part of 
the ZRTS package. ZRTS provides an 



easy-to-use means for generating the 
target system. The designer can 
specify hardware information, 
software parameters, linage 
information, and system data 
structures in high-level terms. 

Development Environment 

The application or system generated 
can be downloaded into a Zilog 




Z8000 Development Module or a 
customized target system. 

An interface package is provided for 
making ZRTS system calls from 
programs written in C, Pascal, or 
FORTRAN. Register usage by the 
system calls is compatible with Zilog's 
calling conventions. 




Development Environment 



Ordering Information is available at 
your local Zilog Sales Office. 

Refer to the Literature List for 
additional documentation. 
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FEATURES 

■ Produces fast, efficient execution modules from Ada 
source code. 

■ Fast compilation speed, up to 3200 lines per minute on 
the System 8000 Model 1 2. 

■ Zilog support for software updates and phone 
consultations. 

■ Supports separate compilation of packages and 
subprograms. 

■ Produces segmented Z8001 and non-segmented 
Z8002 object modules. 

■ Hosts on the Zilog System 8000 UNIX, DEC VAX VMS, or 
DEC VAX UNIX computers. 



Includes Ada source code for run-time modules. 

Offers Ada pragmas (compiler options) for calling 
routines written in other languages, and for assigning 
variables to specific memory locations. 

Zilog/lrvine Computer Science Corporation (ICSC) Ada 
is compatible with existing Z8000 development tools. 

Code developed on the System 8000 can be executed 
on the System 8000. 

Zilog training is available for Ada and related Z8000 
development support tools. 



S 



t 



! 



BENEFITS 

■ Increased program reliability; Ada traps exceptions to 
program variable definitions allowing the program to 
recover from bad data. 

■ Increased program maintainability; Ada is a well-defined 
high-order programming language. 



Increased programmer efficiency; Ada is easy to code 
and read. 



GENERAL DESCRIPTION 



Ada, developed and specified by the U.S. Department of 
Defense, is a high-level programming language designed 
for use in embedded applications. Ada, as defined by the 
ANSI/MIL-STD 1815A, offers features and benefits to 
reduce costs and increase performance. The Zilog/ICSC 
Ada compiler is a production quality implementation of the 
Ada language designed for building applications on the 
Zilog Z8001 and Z8002 CPUs. The current version of the 
Zilog/ICSC Ada compiler implements about 90% of 
ANSI/MIL-STD 1815A. Full implementation and validation is 
planned for spring of 1 985. 



Developed by Irvine Computer Sciences Corporation 
(ICSC) of Irvine California, using the System 8000 as its host 
development computer, the Zilog/Ada compiler is available 
from Zilog for both System 8000 and Dec VAX hosted Ada 
program development environments. Either host can 
produce Z8001 segmented memory object code or Z8002 
non-segmented memory object code. 

The Zilog/ICSC Ada compiler implements features desired 
by system designers in a proven, production quality 
language implementation. The compiler is fast in 
compilation speed, as fast as 3200 lines per minute on a 
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System 8000 Model 12. The compiler output object 
modules execute efficiently because the compiler generates 
efficient assembly code. Typical execution time and code 
expansion ratios are less than 1 .5 times the time and code of 
a parallel assembler language program. The compiler 
comes with the source code for the run-time input and 
output modules. The source code of the run-time modules 
can be modified to produce your own custom I/O packages, 
or redefine design dependent variables like the system 
clock. 

The Zilog/ICSC Ada system development environment is 
the same as environments for most other programming 
languages. This means that programmers only have to learn 
Ada. You can use your favorite text editor to write the source 
code, and compile the source using Zilog/ICSC Ada 
because the Ada source code resides in standard text files. 
The compiler supports a comprehensive library scheme for 
maintaining program files. Since the compiler supports 
separate compilation of subprograms and packages, large 
programs can be broken down into smaller source files and 
compiled separately. This reduces the time to recompile a 
large program because only the changed portions of the 



program need to be recompiled. The compiler also 
enforces date-of-change controls on programs that include 
separately compiled subprograms or packages. 

Compiler extensions allow for include files. Files that contain 
program fragments, such as record formats, can be 
included into a program rather than coded and maintained 
in each program. And finally, the compiler supports 
conditional compilation which is useful when several 
versions of a program would otherwise be created to meet 
different application requirements. For instance, conditional 
compilation can be used to control which code is generated 
for two different target systems. In one case the target might 
be the System 8000 with conditional compilation of 
text-error displays. The other case might be targeted to an 
embedded application; in this case the text-error display 
code would not be compiled. 

The Zilog/Ada compiler has already proven itself in real 
embedded application. The McDonnell-Douglas Corpo- 
ration used the Zilog/ICSC Ada compiler to build the digital 
flight control system for the F15. This Ada has proven it has 
the right stuff to be used in mission-critical applications; it 
flies! 



DEC VAX BASED ZILOG/ADA PROGRAM DEVELOPMENT ENVIRONMENT 




Programmer terminal for source code editing and 
program compiles. 



Programmer terminal for source code editing and 
program compiles. This configuration allows the 
programmer to download code developed on the 
VAX into EMS 8000, and execute the code to test the 
targeted hardware and software. 



8000 DM OR 

YOUR TARGET 

Z8000 BASED 

DESIGN 
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2374-001 



SYSTEM 8000 BASED ZILOG/ADA PROGRAM DEVELOPMENT 
ENVIRONMENT 



SYSTEM 8000 
CPU 



TAPE AND 
DISK DRIVES 



ASYNC PORTS 



EMS 8000 

MICROPROCESSOR 

DEVELOPMENT 

SYSTEM 




Programmer terminal for source code editing, 
program compiles, and host based testing of code. 



Programmer terminal for source code editing, 
program compiles, and host based testing of code. 
This configuration allows the programmer to 
download code developed on the System 8000 into 
EMS 8000, and execute the code to test the targeted 
hardware and software. 



8000 DM OR 

YOUR TARGET 

Z8000 BASED 

DESIGN 



f 



COMPILER PROGRAM AND FILE INFORMATION SCHEMATIC 

(^ source.ada j Your program source code text file. 




Other Ada library modules referenced by the source.ada program text. 



I Intermediate code representation is ICSC propnatary non Diana. 



C sources J Optional assembler-input-code text file can be written. 



TARGET SYSTEM 
ASSEMBLER 



C sourceo j Unlinked object module. 




Unlinked separately compiled 
object modules. 



C source ' li J Linked executable program file. 



2374-002, 003 
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ORDERING INFORMATION 



Compiler and three months free maintenance including 
released updates. Single CPU license. 



Part Number 



Description 



Host 



Target 



07-3014-01 
07-3015-01 
07-3016-01 



Zilog/ICSCAda 
Zilog/ICSCAda 
Zilog/ICSCAda 



Zilog System 8000 UNIX Z8002 

DEC VAX VMS Z8002 

DEC VAX UNIX Z8002 



Compiler software maintenance agreement includes 
update releases and phone consultation for Ada compiler. 
The compiler must be covered by a software support 
agreement in order to receive software updates. Failure to 



maintain a software support agreement will require 
repurchasing the compiler to restart the software support 
agreement. 



Part Number 



Description 



Prerequisite 



07-301 4-05 Ada System 8000 software update service for P/N 07-301 4-01 System 8000 UNIX 

12 months coverage. 
07-301 5-05 Ada-VAX VMS Host software update service for P/N 07-301 5-01 DEC VAX VMS 

1 2 months coverage. 
07-301 6-05 Ada-VAX UNIX host software update service for P/N 07-301 6-01 DEC VAX UNIX 

1 2 months coverage. 



SOFTWARE AVAILABILITY 

Software delivery within four weeks of receipt of a valid 
customer purchase order and a signed Red End-User 
Software License Agreement. 



ZILOG/ICSCADA LANGUAGE IMPLEMENTATION 

The Zilog/ICSC Ada compiler enables cost-effective 
utilization of the language features described in the 
language reference manual, ANSI/MIL-STD 1815A. 

Features defined in ANSI/MIL-STD 1815A that are not 
implemented in Ada version 3.1 are indicated with an *. 



Chapter 1 . Introduction 

Chapter 2. Lexical Elements 

Character set 

Lexical elements, separators and delimiters 

Identifiers 

Numeric literals 

Decimal literals 

Based literals 

Character literals 

String literals 

Comments 

Pragmas 

Include files and conditional compilation 
Reserved words 
Allowable replacement of characters 

Chapter 3. Declarations and Types 

Declarations 

Objects and named numbers 
Object declarations 
Number declarations 
Types and subtypes 



Type declarations 

Subtype declarations 

Classification of operations 

Derived types 

Scalar types 

Enumeration types 

Character types 

Boolean types 

Integer types 

Operations of discrete types 

Real types 

Floating point types 

Operations of floating point types 

* Fixed point types 

* Operations of fixed point types 

* Array types (single dimension arrays only) 
Index constraints and discrete ranges 
Operations of array types 

String types 
Record types 

* Discriminants 

* Discriminant constraints 
Variant parts 

Operations of record types 
Access types 

Incomplete type declarations 
Operations of access type 
Declarative parts 
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Chapter 4. Names and Expressions 

Names 

Indexed components 

Slices 

Selected components 

* Attributes 

implemented = FIRST, LAST, RANGE, LENGTH, 
POS, VAL, PRED, SUCC, IMAGE, VALUE, BASE, 
ADDRESS, SIZE, COUNT, CALLABLE, 
TERMINATED. 

Literals 

Aggregates 

Record aggregates 

* Record aggregates discriminant and variant 
Array aggregates 

Expressions 

Operators and expression evaluation 

Logical operators and short-circuit control forms 

Relational operators and membership tests 

Binary adding operators 

Unary adding operators 

Multiplying operators 

Highest precedence operators 

Accuracy of operations with real operands 

Type conversions 

Qualified expressions 

Allocators 

Static expressions and static subtypes 

Universal expressions 

Chapter 5. Statements 

Simple and compound statements— sequences of 

statements 
Assignment statement 
Array assignments 
If statements 
Case statements 
Loop statements 
Block statements 
Exit statements 
Return statement 
Goto statements 

Chapter 6. Subprograms 

Subprogram declarations 

Formal parameter modes 

Subprogram bodies 

Comformance rules 

Inline expansion of subprograms 

Subprogram calls 

Parameter associations 

Default parameters 

Function subprograms 

Parameter subprograms 

Parameter and result type profile— overloading of 

subprograms 
Overloading of operators 



Chapter 7. Packages 

Package structure 

Package specifications and declarations 

Package bodies 

Private type and deferred constant declarations 

Private types 

Operations of a private type 

Deferred constants 

* Limited types 

Chapter 8. Visibility Rules 

Declarative region 
Scope of declarations 
Visibility 
Use clauses 
Renaming declarations 

exception renaming 

subprogram renaming 

* object renaming 

* package renaming 
Package Standard 
Context of overload resolution 

Chapter 9. Tasks 

Task specifications and task bodies 
Task types and task objects 
Task execution and activation 
Task dependence and termination of tasks 
Entries, entry calls, and accept statements 
Delay statements, duration and time 
Select statements 
Selective waits 
Conditional entry calls 
Timed entry calls 
Priorities 
In tasks 

* In main 

Task and entry attributes 

* Abort statements 

* Shared variables 

Chapter 10. Program Structure and Compilation 
Issues 

Compilation units— library units 
Context clauses— with clauses 
*Subunits of compilation units 

* Automatic reordering of compilation 
The program library 
Elaboration of library units 
Program Optimization 

constant folding and address folding 
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Chapter 1 1 . Exceptions 

Exception declarations 

Exception handlers 

Raise statements 

Exception handling 

Exceptions raised during execution of statements 

Exceptions raised during elaboration of declarations 

Exception raised during task communications 

Exceptions and optimization 

Supressing checks 

RANGE_CHECK and INDEX_CHECK 
* Other check supression 

Chapter 12. Generic units 

Generic declarations 

Generic formal objects 

Generic formal types 

Generic formal subprograms 

Generic bodies 

Generic instantiation 

Matching rules for formal objects 

Matching rules for formal private types 

Matching rules for formal scalar types 

* Matching rules for formal array types 

* Matching rules for formal access types 

* Matching rules for formal subprograms 



Chapter 13. Representation Clauses and 
Implementation-Dependent Features 

Representation clauses 

* Length clauses 

* Enumeration representation clauses 

* Record representation clauses 
Address clauses 

* Interrupts 

Change of representation 
The package system 
System-dependent named numbers 
Representation attributes 
Representation attributes of real types 
Machine code insertions 
Interface to other languages 
Unchecked programming 

* Unchecked storage deallocation 
Unchecked type conversions 

Chapter 14. lnput__0utput 

External files and file objects 

Package sequential io 

Package direct io 

Package text io 

Package io exceptions 

* Low__level__io 

* Fixed io 
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Packaging 
Information 



Zilog 



PACKAGE INFORMATION 
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18-Pin Dual-in-Line Package (DIP), 
Plastic 



NOTE: Package dimensions are given in inches. To convert to millimeters, multiply by 25.4. 
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PACKAGE INFORMATION (Continued) 
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28-Pin Dual-in-Line Package (DIP), 
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NOTE. Package dimensions are given in inches. To convert to millimeters, multiply by 25.4. 
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PACKAGE INFORMATION (Continued) 
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28-Pin Dual-in-Line Package (DIP), 
Plastic 



NOTE: Package dimensions are given in inches To convert to millimeters, multiply by 25.4. 
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PACKAGE INFORMATION (Continued) 
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NOTE: Package dimensions are given in inches. To convert to millimeters, multiply by 25.4. 
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PACKAGE INFORMATION (Continued) 
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40-Pin Dual-in-Line Package (DIP), 
Plastic 



NOTE" Package dimensions are given in inches To convert to millimeters, multiply by 25.4. 
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PACKAGE INFORMATION (Continued) 
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NOTE: Package dimensions are given in inches. To convert to millimeters, multiply by 25.4. 
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PACKAGE INFORMATION (Continued) 
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48-Pin Dual-in-Llne Package (DIP), 
Plastic 



NOTE: Package dimensions are given in inches. To convert to millimeters, multiply by 25.4. 
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PACKAGE INFORMATION (Continued) 
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NOTE: Package dimensions are given in inches. To convert to millimeters, multiply by 25.4. 
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PACKAGE INFORMATION (Continued) 
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NOTE: Package dimensions are given in inches. To convert to millimeters, multiply by 25.4. 



1031 



PACKAGE INFORMATION (Continued) 
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NOTE- Package dimensions are given in inches. To convert to millimeters, multiply by 25.4. 
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PACKAGE INFORMATION (Continued) 
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68-Pin Leadless Chip Carrier (LCC), 
Ceramic, Jedec Type C, Preliminary 



NOTE- Package dimensions are given in inches. To convert to millimeters, multiply by 25.4. 
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PACKAGE INFORMATION (Continued) 
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NOTE: Package dimensions are given in inches. To convert to millimeters, multiply by 25.4. 
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PACKAGE INFORMATION (Continued) 
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PACKAGE INFORMATION (Continued) 
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40-Pin Low Profile Protopack (T) 



NOTE Package dimensions are given in inches To convert to millimeters, multiply by 25.4. 
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PACKAGE INFORMATION (Continued) 
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NOTE: Package dimensions are given in inches. To convert to millimeters, multiply by 25 4 
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Technical 
Training 



Zilog 



Zilog 



Technical Training 



April 1985 



Continuing to respond to our customers' need for technical 
training and information, Zilog's Training and Education 
Department is offering an exceptionally wide range of 
courses in 1985. Whether your need is introductory 
exposure, product evaluation, or detailed design 
information, Zilog's technical training seminars provide the 
knowledge you want in the easiest, most efficient manner. 

Each course is designed to meet the educational needs of 
computer professionals by combining lecture presentations 
with "hands-on" laboratory exercises. In addition to the 
scheduled sessions held at Zilog's modern facilities in 
Campbell, California, courses may be arranged at your 
company's'site. 

Why waste valuable time and effort with weeks of self-study? 
Why risk expensive errors during product development? 
Zilog's technical training seminars can give your designers 
the knowledge necessary to take full advantage of Zilog's 
innovative state-of-the-art microprocessor components and 
microcomputer systems. 

The Zilog Training Center is located at: 

1315 Dell Avenue 
Building C, Mail Stop C1 -2 
Campbell, CA 95008 
Telephone: (408) 370-8091 

Current detailed brochures, including dates and prices, are 
available from your local Zilog Sales Office or the Corporate 
Training Center. 



Microcomputer Basics and Concepts 



Three days 



This basic introduction to microcomputers is intended for 
non-technical personnel. The course discusses 
microcomputer fundamentals and capabilities. Topics 
include: 

■ Definition of a microcomputer 

■ Microcomputer organization 



■ Purpose and operation of peripheral devices 

■ Microcomputer operating procedures 

■ Overview of Zilog products 

There are no prerequisites for this course. 

Microprocessors: A General Introduction Three days 

This seminar is an introductory course in microprocessor 
technology for engineers, programmers, and other 
technical personnel. Microprocessor fundamentals and 
capabilities and the basics of microcomputer design are 
described. Topics include: 

■ Microprocessor architecture and organization 

■ Instruction execution 

■ Central processor units, memories, support devices 

■ Overview of Zilog microprocessor products 

A background in digital logic, including binary and hex 
number systems, is suggested as a course prerequisite. 



Z8 Component Family 



Three days 



The Z8 is Zilog's powerful single-chip, 8-bit microcomputer. 
This seminar is designed for hardware and software 
development personnel who are familiar with 
microcomputer system design and who are interested in 
learning Z8 architecture, capabilities, and supporting 
systems. Some of the topics covered are: 

■ Z8 architecture and timing 

■ Z8 assembly language programming 

■ Interfacing memory and peripheral devices 

■ Z8 software development tools 

■ Z8 Development Module and other supporting products 

Designers interested in using the Z8090 UPC Universal 
Peripheral Controller should also attend this seminar, since 
the architecture of the UPC is very similar to that of the Z8. 
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Z80 Component Family 



Four days 



This basic course on Z80 components is designed for 
hardware and software development personnel with a 
modest background in microprocessors and assembly 
language programming This course should be taken by 
anyone interested in effectively using the Z80 family of 
products. Some topics covered are: 

■ Z80 architecture and timing 

■ Z80 assembly language programming overview 

■ Z80 interrupt processing 

■ Z80 PIO Parallel I/O Controller 

■ Z80CTC Counter/Timer Controller 

■ Z80 DMA Direct Memory Access Controller 

■ Z80 SIO Serial I/O Controller 

This course offers a "hands-on" approach to learning by 
doing. As each chip is covered, students measure their 
progress by programming a single-board computer in the 
laboratory. 



Z80 Assembly Language 



Four days 



This seminar is for programmers needing to learn the Z80 
assembly programming language. The course includes 
class presentation and hands-on programming labs that 
allow the students to write their own assembly language 
programs. Some of the topics covered are: 

■ Language structure and syntax 

■ Z80 instruction set 

■ Z80 CPU flag and register utilization 

■ Macros 

■ Subroutines 

Z800 Processor Family Four days 

The Z800 family of high-performance microprocessors are 
object-code compatible with the Z80 microprocessor. This 
seminar is intended for hardware and software personnel 
interested in designing with Z800 family processors. 
Students are assumed to have some familiarity with 
microprocessor architecture and assembly language 
programming. Some of the topics covered include: 

■ Z800 CPU architecture: Z81 00 and Z81 08 

■ Memory and peripheral interfacing 

■ Z800 assembly language programming 



Use of the on-chip cache, memory management, and 
peripheral devices 

Software development tools and other supporting 
products 



Z8000 Processor Family 



Four days 



Zilog's basic course on the Z8000 family processors is for 
hardware and software development personnel who are 
familiar with microprocessor system design. Design and 
interface techniques of the Z8000 CPUs and CPU support 
chips are covered in detail. Anyone interested in effectively 
using the Z8000 family processors should take this course. 
Some of the topics covered include: 

■ Z8000 CPU architecture: Z8001, Z8002, Z8003, and 
Z8004 

■ Z-BUS Memory and peripheral interfacing 

■ Z8000 Assembly language programming 

■ Z8010 MMU Memory Management Unit 

■ Z801 5 PMMU Paged Memory Management Unit 

■ Z8000 Software development tools 

■ Z8000 Development Module and other support 
products 



Z80,000 Processor Family 



Four days 



The Z80.000 is a 32-bit microprocessor that is object-code 
compatible with the Z8000 family of 16-bit processors. This 
course provides hardware and software personnel with the 
background needed for design, development, and 
debugging of Z80,000-based systems. The Z80.000 
Processor Family course is recommended for engineers 
already familiar with microprocessor architectures and 
assembly language programming who are interested in 
effectively using Z80.000 family processors. Some topics 
covered are: 

■ Z80.000 CPU architecture 

■ Memory and peripheral interfacing 

■ Use of the on-chip cache and memory management 
device 

■ Z80.000 assembly language programming 

■ Software development tools and other supporting 
products 
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EMS 8000 Emulation System 



One day UNIX for Non-Technical Users 



Three days 



This seminar details the use of the EMS 8000 emulator 
during development and debugging of Z8000-based 
systems. The emulator commands and their operation are 
fully described. The EMS 8000 emulation system is a 
powerful development tool for the hardware and software 
engineer. Some of the topics covered include: 

■ EMS 8000 hardware design 

■ Use of triggers as breakpoints or trace qualifiers 

■ Mapping EMS memory to the target system 

■ Performance measurements for benchmarking 
applications 

■ Linking EMS systems for multiprocessor emulations 

■ Building user-definable macros of EMS commands 

This course is recommended for all engineers interested in 
using the EMS 8000 Emulation System to analyze and 
debug Z8000-based systems. The Z8000 Components 
family course or equivalent experience is recommended as 
a prerequisite. 



Data Communications Concepts 



Four days 



An introductory course in data communications, this 
seminar provides the engineer with a thorough background 
in the terminology and operating concepts of this 
ever-expanding field. Topics include: 

■ Data transmissions modes and formats 

■ Data link controls: HDLC, SDLC, Bisync 

■ Packet switching: X.25, X.75 

■ Open systems interconnection 

■ Z8030/Z8530 Serial Communications Controller 

■ Local area networks 

■ Future trends 

A background in digital electronics and a general 
microcomputer course or equivalent experience is 
recommended as a prerequisite for this course. 



UNIX for Non-Technical Users is a lab-oriented presentation 
of the file generation and maintenance utilities in UNIX. This 
course is intended for users with little or no computer or 
operating systems experience. Topics include: 

■ Introduction to UNIX 

■ The hierarchical file system 

■ File generation and manipulation 

■ The 'vi' screen editor 

■ The C shell environment 

Lectures are supplemented with lab exercises using the 
Zilog System 8000. 



UNIX User's Seminar 



Five days 



The UNIX User's Seminar is a comprehensive overview of 
the powerful multiuser, multitasking UNIX operating system. 
It is intended for programmers, engineers, and other 
technical personnel with little or no knowledge of UNIX. 
Some topics covered are: 

■ The kernel, shell, and file system 

■ The C shell environment 

■ File management tools 

■ Editors and text processing 

■ Program development tools 

The lecture is supplemented with lab sessions using the 
System 8000 microcomputer. As a prerequisite, students 
must have a general understanding of computers, 
operating systems, and simple programming tools such as 
editors. 
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Advanced UNIX Concepts 



Two days 



A detailed examination of several topics introduced in the 
UNIX User's Seminar, this course is recommended for 
programmers using a UNIX system for software 
development. Topics covered include: 

■ The 'awk' processor 

■ The 'make' file processor 

■ Advanced shell programming 

■ Networking with UNIX 

■ Advanced document formatting 

Lab exercises using a System 8000 microcomputer 
supplement the lecture. The UNIX User's Seminar or 
instructor approval is required as a prerequisite for this 
course. 



UNIX System Administrator 



Three days 



The UNIX System Administrator course is designed for 
persons responsible for maintaining and administering a 
UNIX-based system. Some topics covered are: 

■ System organization: kernel, shell, and file systems 

■ System start-up and shut-down 

■ File system checking and repair 

■ Adding and deleting users 

■ System reconfiguration and upgrades 

Lectures are supplemented with lab exercises on the 
System 8000 microcomputer. The UNIX User's Seminar or 
instructor approval is required as a prerequisite for this 
course. 



C Programming Four days 

The C programming course is for programmers interested in 
learning C, a high-level systems programming language. 
The course includes class presentation and hands-on 
programming labs that allow students to write their own C 
programs on a System 8000 microcomputer. Some topics 
covered are: 

■ Program structure 

■ Data types, data structures, and pointers 

■ Program flow control 

■ Program development on the System 8000 

■ System calls on the UNIX Operating System. 

Some high-level language programming experience is 
suggested as a course prerequisite. 

Advanced Peripherals Course Three days 

This course is an in-depth study of the Z8000/Z8500 family 
of peripheral devices, with emphasis on the Z8030/Z8530 
SCC, Z8036/Z8536 CIO, and Z8038 FIO. 

Introduction to Ada Programming 

This introduction to the Ada programming language is 
intended for programmers familiar with high-level 
languages. 
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